This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 
to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 
to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 
are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  marginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 
publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  have  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 

We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  from  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attribution  The  Google  "watermark"  you  see  on  each  file  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liability  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.  Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 


atjhttp  :  //books  .  qooqle  .  com/ 


ikPjiPiM 


Freyernuth  Estate 


Olio  g.  r ./.;../.  //  i. 


HAND-BOOK 


PHYSIOLOGY. 


SJftfti 


L&VJZ 


i. 


^A" 


AuUriorSu- 

--     j  ■  ri 

of  the  Ilium. 


>yrnii}i)>is  Pub  8. 


DIAGRAM   OF   tHORAClC   AND    ABDOMDTAX    REGION'S, 


A.  Aortic  V.dv... 


/*.  Pulmonary  Valrfl, 
7*.  Tricuspid  VoIto. 


KIKKES'    HAND-BOOK    OF  PHYSIOLOGY. 
HAND-BOOK 


PHYSIOLOGY. 


By  W.    D.    HALLIBURTON,    M.D.,    F.R.S. 

PROFK8HOR  OK  PHYHIOLOOY,    KIKO'rt  COLLEGE,   LOXDOX. 


FIFTEENTH    EDITION. 


WITH   UPWARD8  OF  81 X   HUNDRED  AND  FIFTY   ILLU8TRATION8, 


INCLUDING     SOME     COLOURED     PLATES. 


PHILADELPHIA : 

P.    BLAKISTON,    SON    &    CO., 

1012,    WALNUT    STEEET. 

1899. 

[Printed  in  Great  Britain.] 


34 


l'HKFACE  T(>  THE  FIFTEENTH  EDITION'. 


Considerable  activity  has  characterised  all  branches  of 
physiological  research  during  the  short  time  that  has 
elapsed  since  the  publication  of  the  last  edition  of  this 
Handbook.  All  the  important  facts  which  have  been  thus 
discovered  I  have  endeavoured  to  incorporate  in  the  present 
edition.  I  am  much  indebted  to  numerous  correspondents 
in  this  country  and  in  America  for  pointing  out  a  number 
of  minor  errors,  which  escaped  me  when  correcting  the  last 
edition  for  press ;  these  I  have  taken  the  opportunity  to 
rectify.  I  have  specially  to  thank  Dr.  Leonard  Hill,  who 
has  given  me  much  assistance  in  amplifying  the  chapter 
on  the  Circulation  of  the  Blood. 

I  have  also  modified  the  order  in  which  the  subjects  are 
treated ;  the  Central  Nervous  System  is  now  placed  towards 
the  end  of  the  l>ook.  This  step  has  been  taken  in  response 
to  the  wishes  of  numerous  teachers. 

The  reception  the  book  has  had,  has  given  me  much 
gratification,  and  I  can  only  hope  that  the  additions  and 
alterations  now  introduced  will  increase  the  usefulness  of 
the  work  both  to  students  and  to  teachers. 


W.  I).  HALLIBURTON. 


Kind's  College,  London. 
January,  1899. 


PREFACE  TO  THE  FOURTEENTH  EDITION. 


The  present  edition  of  this  Handbook  has  been  re- 
arranged, and  to  a  great  extent  re-written.  In  fact,  with 
the  exception  of  numerous  illustrations,  and  a  few  pages 
here  and  there  which  treat  of  anatomical  detail  or  describe 
instruments,  and  which  have  only  been  subjected  to  minor 
alterations,  the  book  is  a  new  one. 

In  re-writing  the  book,  I  have  endeavoured  to  bear  in 
mind,  that  it  is  intended  for  the  use  of  medical  students, 
and  I  have  also  retained  what  has  always  been  one  of  its 
special  features,  namely,  that  it  treats  of  Histology  as  well 
as  of  Physiology  proper. 

The  number  of  new  illustrations  is  numerous.  For  leave 
to  borrow  blocks  or  to  copy  figures  I  am  greatly  indebted 
to  the  Editors  of  "  Quain's  Anatomy,"  Prof.  Schafer, 
Prof.  McKendrick,  Dr.  Waller,  Sir  W.  Gowers,  Dr.  Mott, 
Dr.  Brodie,  Dr.  Starling,  and  the  late  Sir  George  Johnson. 

The  new  figures  have  been  executed  throughout  by 
Messrs.  Walker  and  Boutall,  whom  I  have  to  thank  for  the 
care  which  they  have  bestowed  on  the  work. 


W.  D.  HALLIBURTON. 


Kino's  College,  London. 
July,  1896. 
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HANDBOOK    OF    PHYSIOLOGY. 


CHAPTER    L 


INTRODUCTORY. 

Bttowoi  is  ih*  science  tbat  treats  of  living  things,  and  it  i^ 
divided  i»»t«»  t\\<>  main   branches,  which  are  called  ivt-lv 

Uorphol  I    Physiology.     Morphology   is  the    perl  of   the 

aci«  i  deals  with  the  form  or  structure  of  living  things,  and 

with  the  problems  of  their  origin  and  distrihntiom     /'// 

the  other  hail  of  their  functions,  that  is,  t h«_*  manner 

in  which  their  individual  parts  carry  out  the  processes  of  life.    To 

stance:  the  eye  and  the  liver  are  two  familiar  example* 

what  are  flatted  the  anatomist  studies  the  itruetare  of 

these  organs,  their  shape,  tlnir  &i&e,  the  tissual  of  which  they  ate 

eotnposed,  their  position  in  the  body,  ami  the  variations  in  their 

with  in  different  parte  erf  the  animal  kingdom.     The 

physiologist  studies  their  uses,  and  **\ka  to  explain  how  the 

fidfils  the  function  of  vision,  and  how  the  liver  forms  Kile,  and 

ministers  t<>  th«  needs  of  the  body  in  other  ways, 

Kach  of  these  two  great  branches  of  biological  science  can  be 

thei  subdivided  according  sa  Lo  whether  they  deal  with  the 

-tiiinial  or  the  vegetable  kingdom;  thus  we  get   vegetable  phy* 

md  animal  physiology.     Human  Physiology  is  a  large  and 

important  branch  of  animal  physiology,  and  to  the  student  of 

obviously  the  portion    oi    thi  uld 

intereaf  hnn  most.     In  order  to  understand   morbid  <«r  patho- 

that  tin*  normal  <>r  physiological 

functions  should  be  learnt  first.     Physiology]*  not  s  study  which 

can  be  }»nt  aside  8  itteti  when  s  certain  examination  has  been 

most  directaiid  intimate  bearing  in  its  application 

the  scientific  sad  successful  investigation  of  i  It  will 

b*  rnv  endeavour  throughout  the  subsequent  pages  of  this  book  t<> 


i\  monucTORr. 


point  out  from  tunc  to  time  the  practical  relationships  t> 
physiology  and  pat hoi 

Human  physiology  will  b6  Our  chief  theme,  hut  it  t  por- 

tion of  the  graft!  science  that  can  be  studied  independently  of  iu 
other  portions.  Thus,  many  of  the  experimental  upon  which  out 
knowledge   >»i    human   physiolog  have   been    pori 

principally  on  certain  of  the  Lower  animals.     In  order  I 
wide  view  of  vital  [  H  will  bo  occasionally  i  •  to  go 

>st ill  further  afield,  and  call  the  science  of  vegetable  phyaiol 

OUr  assi  stain  N  , 

In  another  sense,  human  physi 
If-  study  must  go  band  in  hand  with  tfie  study  oi 
is  impossible  be  understand  bow  the  body  or  any  part  of  th< 

mrately  the  structure  of  the  organs  tinder 
■ion.  This ia especially  true  tor  that  portion  of  anatomy 
which  i  oalled  Microscopic  Anatomy  or  Histology*  tndt 
Gloat  m  ths  relationship  between  minute  structure  and  function 
that  in  tliis  country  it  h  usual  for  the  teacher  *«f  phyaiolc 
he  also  the  teacher  of  histology.  Another  branch  of  anatomy, 
namely,  Embryology,  or  the  process  of  growth  of  the  adult  from 
the  ovum,  falls  also  within  th<   province  of  the  physiologist. 

But  physiology  is  not  only  Intimately  related  in  this  way  to 
its  sister  science  anatomy,  hut  the  sciences  of  chemistry  and 
physics  must  also  he  considered.  Indeed,  physiology  hai 
sometimes  defined  as  the  application  of  t\n<  laws  of  chemistry  and 
physics  to  life.  That  is  to  sayf  the  same  laws  that  regular 
behaviour  of  the  mineral  or  inorganic  world  are  also  to  be  found 
operating  In  tie  region  of  organic  beings,  If  we  wish  for  an 
example  of   this  we  may  again  p»  to  tin*  yve  ;  the  branch   of 

physios  railed  OpttCS  teaches  US,  among  other  things,  the  manner 
in  which    imrejrs   of  ohjo-ts   are    produced    hy  leust  I   same 

laws  regulate  the  formation  of  the  images  of  external  objects  upon 
the  sensitive  layer  of  the  hack  of  the  eye  by  the  series  of  lenses 
in  the  front  of  that  organ.  An  example  of  the  application  of 
chemical  laws  to  living  processes  is  seen  iii  digestion  ;  tie 
contains  certain  chemical  substances  which  are  aoted  on  in  s 
chemical  way  hy  the  vations  digestive  juices  in  order  to  » 
them  of  service  to  the  organism. 

The  question  arises,  however,  is  there  anything  else?  Are  there 
anj  other  laws  than  those  of  physics  and  chemistry  to  he  reckoned 
with  I  Is  there,  for  instance,  such  s  thing  as  "vital  force"  f  It 
may  he  frankly  admitted  that  physiologists  at  present  are  not 
able  to  explain  all  vital  phenomena  by  the  laws  of  the  plr 
world;  hut  as  knowledge  increases  il  is  more  and  more  abundantly 


nwn  I  I  a  (iv  sjn .  in  I  or  vita)  force  is  an- 

eessnrv  ;  and  it  should   be  distinctly  n  that   when,  in 

in*  pages,  it  i,s  necessary  to  alludi  action,  it  is  not 

in  any  specific  vital  energy,  but  merely  Im 

be  phi  ril  one  for  eatpi  nnetbtng  that   "•• 

not   fully  understand,  something  thai  cannot  at   present   be 

klgbl    into    line    with    the    physical    Mid    chemical    fOfOSS    that 

11  the  Inorganic  world. 

It  smII  be  in  connection  with  the  nervous  system  that  we  shall 
prim  i| mil y  i  to  this  convenient  expression,  far  H  is 

then  tlia(  uu  find  the  greatest  dirfieiilty  in  reconciling  the 
ph<  |  lifr  with  those  of  tin  non-living. 

Physiology  proper  may  be  conveniently  divided  into  three  tiiain 

jiehes  : 

i    Ohemjoal  physiology,  or  Ike  application  of  chemistry  to 

livilrj    |-i 

2,  Physical  physio]  the  application  of  physics  to  living 
processes. 

3.  The  physiology  of  the  nervoii  d  where  the  application 
of  Btteh  laws  is  at  present  extremely  difficult. 

But  just  as  there  is  no  hard  and  Bast  line  between  phyai 

pathology,  anatomy,  physics,  and  chemistry,  10  also 
no  absolute  separation  between  Eta  three  great  divisions  j 
and  so-called  vital  prnceNses  have  to  he  <-<>n 
■ 

Physiology  La  a  comparatively  young  science.     Though  Bar 
ore  than  three  hundred  years  ago  laid  the  foundation  of  our 
ienee  by  his  discovery  of  the  oiroulataoii  ol  the  blood,  it  is  only 
luring  the  last  half-century  that   active   growth  has  occurred. 
Th'  tor  this  r.r.iii  progress  come  under  tiro  headings j 

ttmg  to  observation  and  those  relating  to  uperioianl 
hod  ol  observation  consists  in  accurately  noting  things 
as  tl»«  \  oocurin  n  n  other  words,  the  knowledge  of  anatomy 

must  be  aocHra&e  before  correct  deductions  as  bo  function  an 
possible.  The  instrument  by  which  such  correct  observations  oan 
Ik?  made  is,  par  from  the  physiolq  indporat,  the 

scope,  and  it  is  the  extended  use  of  the  microscope,  and  the 
of  minute  anatomy  resulting  from  that   laae,  thai  has 
rmed  one  of  the  greatest  stimuli  to  the  successful  progre 

luring  the  hast  ti  ft  \  years, 
But  important   as  observation  i%  it  is  art  the  moat   important 
jim  tlmd  ;  the  method  of  experiment  is  Mill  mors  BssentiaL     This 
onsiats,  not  in  being  content  with  mere  reasonings  from  structure 
occurrence  se.-n  in  nature,  but  in  producing  artifi(  inged 

b2 
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relationships  nd  thus  causing  new  o 

tattoos  that  if  niiu  had  wafted  for  Nature  herself  to  produce 
lit  have  been  waited  for  Indefinitely.     Anatomy  is  imporl 

but  UK  i  \  has  often  led  ;  btve 

taxni  hoi   aaa   organ  works  from  ius  structut 

Bip  la  much  niotv  Lmportaul      thai   is,  oft 

theories  by  seeing  whether  the  occurrences  actually  tnke  pftao 

one  Kippoaes;  and  thus  the  deduction*  are  confirmed  or  corrected. 

It  in  the  universal  nae  of  this  method  that  has  made  ph 

what  it  is.     Instead  of  sitting  down  and  trying  fc 

..h shine  works,  physiologists  have  actually  tried  the 

experiment  and  bo  learnt  much  more  than  could  possibly  fa 
1  gained  by  mere  Ifanysueh  experiments  involve 

the  use  of  living  animals,  bill  the  discovery  of  anesthetics,  wh 

rendera  inch  experiments  painless,  Ims  go!  rid  of  any  objection  to 

experiment*  on  the  score  of  pain. 
We  must  next  proceed  to  an  eiaminatioci  of  the 

ture  of  the  body,  and  an  explanation  of  some  of  the  t- 

terms  which  will  frequently  be  need  hereafter. 

The  adult  bodj  oonaisti  of  ■  great  number  <>t  different  ] 

and  each  part  baa  it  a  own  special  work  to  do.      Such  parts  of  the 

body  are  (sailed  organs.  Bach  organ  does  not  only  its  own 
special  work  but  acts  In  harmony  with  other  organs.  This  rela- 
tionship between  the  organs  enables  us  to  group  them  together 
into  what  are  termed  systems.     Thus   we  have  the  ftory 

tent)  1 1 u  1 1  is,  the  group  of  organs  (heart)  arteries  v« li 

concerned  in  the  circulation  of  the  hi 1  •  the  respirator]} 

that  is,  tin'  group  of  organs  (air  passages,  lungs,  etc.)  concerned  in 
the  act  of  breathing;  the  digestiw  qpstan,  which  deals  with  bhe 

digestion  Of  food;  the  tmuturtf  sr/xfrtn,  with  the  getting  rid  of 
waste   products  j    the    mU9CUlar  tyMfcfft,  with    movement;   and   the 

Uud  fyifan,  with  the  support  of  the  softer  parts  of  the  bot 
Over  and  above  all  these  is  the  neri  m  (brain,  spinal  cord, 

nerves),  the  great  master  svste f  the  body  which  presides  01 

controls,  and  regulates  the  functions  of  the  other  systems* 

if  we  proceed  still  farther  on  our  anatomical  analysis,  and  take 
any  organ,  we  see  that  it  0  of  various  textures,  or,  as  • 

are  called,   elementary    tissues.     Just    as  one's  garmei 
made  up  of  textures  (cloth,  lining,  buttons,  1 r'-  '.  bo  each  origan  is 
composed  of  corresponding  tissues,     The  elementary  tissues  come 
under  the  following  hair  headings: — 

1.  Epithelial  tissues.  3-  Muscular  1 

2.  Connective  tisanes.  4.  Nen  ■  ■  ie». 
I    nil  of  these  is  again  divisible  into  Bub  groups, 
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Supp  outinue  our  anatomical  analysis  still  further; 

il  t hut   the  individual  tissues  are  built  up  of  structures  which 
the    uiu  in  it    .-nviinifr    Btlldy.        *lust    H-s    the 

(tares  ol  a  garment  are  made  up  of  threads  of  various  kind 
in  tin   : « ii i 1 1 1 . 1 1  tissues  we  find  threads  or  fibre*,  as 

led.      Hut  more  important  than  the  threads  are  little 

^ses  of  liv  l.lI.      Just  as  the  wall  of  «  I  made  up 

of     I  ihe    hody    walls    ate    built    of 

extremely   minute    Living   bricks,    united    together    by   different 

iititig  material.      Each  one  of  these  living  units 
is  called  a  celb 

oella  with  onlj 
little   t  euiLiii    materia]    binding 

tliein    together  ;    i  ii  *,  nice,    i* 

seen  in  the  epithelial   tissues;  hut   in 
other  Kwnnff.  particular  Ij   the 

■ 
iiviu-  is  the  rest,  the  amount  of  cement 
intercellular    material    ie   much 
and  in  this  i1  ie  thai  the  fihrei 
arc*  developed   thai   confer  the   n- 
eary  strength  for  these  binding  blast] 
If,    instead    ol    going    to    the    adult 
nal.    we    look  >inii;d    in 

earl  if    development)    the 

Bnd  that  it  consists  of   i 

_ie  little  nth 

tell.       V^    development    pro- 
conies  an  adherent  niaf 

cells.       lu    The   latef    Stages  Of   develop 

'   various  tiasuee  become  diffcreu- 
ted    from    each    other    by    the    cells    becoming    grouped    in 
different    ways,   by  alterations   in    ihe   shape  of   the   Delia,   by 
deposition  of  intercellular  matter  between    the   oelle,  and   by 
chemical  changes  in  the  living  matter  of  the  eells  themseli 
Thus  in  s«»mc  situation*  the  oollfl  iped  bito  the  various 

epithelial   linings;    in   others   the  oelfa    become  elongated    and 
t    muscular  fibres;    and    in   others,   si    in    fche   oonneol 
tting  amount  ol  intercellular  m 
which  may  become  permeated  with  fibres,  or  Ipe   the 
I"     deposition    of    cak-anon-,    -.tits,    as    in    bone.      Instances 
"f    chemical    changes    in    the   cells   themselves    n<     seen    on    the 
Of    the  hotly  where  the  superficial  layers  of   the  epidermis 
become  horny;    in  the  mucous  glands,  "here  ihcv  Income  filled 
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with   mucin,  and  in  udijx>se   tissue,   where  the]  kfl  charged 

with  i 

The  trim  ei  II  was  first  used  by  botaniata  j    in  the  popular  sense 

lit  the  word  b  cell  ifl  -i  space  surrounded  by  a  wall,  ii 

of  ;«  prison,  or  l  be  odl  erf  a  bom 
in  thr  vegetable  cell   there 

Balled 
cellulosq    within    this    in    the    living 
matter,  and  h  mini  her  o 
or  vacuole*  filled  with  a.  watery  Huid. 
The  use  of  the  term  cell  by  hot 
wis  therefore  completely  justified. 

But  the  animal  cell  is  diffi 
s    rule,    it    baa   m*   cell-wall,   at 
vacuoles,     It  is  just   a    little   naked 
hiinjj  of  living  material.     This  living 
material    is   jelly-like    in    001 

1  In-  pnvver  of  movement 
the  name  protoplasm  baa  beefi 
Mowed  on  it. 

Somewhere  in  the  protoguaam  <>f  aU 

cells,   generally   near   the    middle   in   animal   cells,   is  a   roundish 
structure  of  more  solid   consistency  than   the   rest  of   the    prpto- 

plaam,  called  the  nucleus. 

An  animal  cell  may  therefore  he  defined  as  a  mn$n  of  protoplawm 
cf/nftti/titof  a  fuir/r  u<. 

The  simplest  aninuls,  like  tin   amo  bsa,  consist  of  one  cell  only: 


Alirlu  il     1  I 

■  >1    pi  AoplH  10   I  -■■ni. lining  a 
lilt'  ■'■ 


Fig,  4. — Cells  of  the  vewrt  plant  is  i 

'  *  udd 


Fig.  j.—  Aracebw :  uaiccllu]nr  aniniulH. 


implett  plants,  like  bacteria}  torulfe,  etc*,  consist  »*f  one  DtO 
only* 

Such  orgaxuama  are  Galled  unicellular.    In  the  progreauof  then* 
life  history  the  ceil   divides  into   two  ;   and   the  two  new  cells 
separate  and  become  independent  organisms,  to  repeat  the  process 
on, 
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In  the  case  of  the  higher  animals  and  plants,  they  are  always 
unicellular  to  start  with,  but  on  dividing  and  subdividing  the 
resulting  cells  stick  together  and  subsequently  become  differen- 
tiated and  altered  in  the  manner  already  indicated.  In  spite 
of  these  changes,  the  variety  of  which  produces  the  great  com- 
plexity of  the  adult  organism,  there  are  certain  cells  which  still 


^^aj, 


Fig.  5.— Human  colourless  blood-eorpunclc,  showing  it*  succearivc  changes  of  outline 
within  ten  minutes  when  kept  moiat  on  a  warm  tstagc.    (Schoneld.) 

retain  their  primitive  structure  ;   notable  among  these  are  the 
white  corpuscles  of  the  blood. 

All  living  cells,  all  living  things,  whether  unicellular  or  multi- 
cellular, are  characterised  by  the  following : 

1.  Power  of  movement;  this  is  seen  in  amceboid  movement, 
ciliary  movement,  muscular  movement,  etc. 

2.  Power  of  assimilation,  that  is,  ability  to  convert  into  proto- 
plasm the  nutriment  material  or  food  which  is  ingested. 

3.  Power  of  growth  ;  this  is  a  natural  consequence  of  the 
power  of  assimilation. 

4.  Power  of  reproduction  ;  this  is  a  variety  of  growth. 

5.  Power  to  excrete  ;  to  give  out  waste  materials,  the  products 
of  other  activities. 

Physiology  after  all  is  only  a  detailed  study  of  these  five 
characteristics  of  vitality,  but  before  we  can  proceed  to  that 
study,  it  will  be  first  necessary  to  devote  a  few  preliminary 
chapters  to  a  more  minute  consideration  of  the  animal  cell  and  the 
elementary  tissues  or  textures  of  the  body. 


CH  A  IT  KM    II. 

TffK    ANIMAL    t'KLL. 
An    animal   cell    is   usually  of   microscopic   dillH m  »    the 

human  body  varying  from  M'lo  to  ,,,,,,,  oi  an  inch  in  duuan 
It  consists  of — - 
i.  ProtopktiM.      This  makes  up  the  main  substance  of  the 

eelh 

iriilu  body  within  f he  protopla? 
situated  Bear  the  centre  of  the  09II. 

;.    ft  ntnmiittit*  ttn<f  ittfr--  here:    tliese  are  contain*  <1  tt 

the  inotiiplnsiji,  near  the  nudum, 
rhesc  three  portione  demand  separate  si  ml  v. 


Protoplasm, 

Until  recent  wars  protoplasm  was  supposed  to  be  a  homo- 
geneous material  entirely  destitute  of  structure,  though  genei 
containing    QlhlUtv    granules    of    Bolid    consistency,    or    giobultt 
(vacuoles)  containing*  watery  Quid. 

It   has,  however,  non    beot)   shown   with  high    r>  1    the 

uueroeoope  that   in  many  cells  the  protoplasm 


A  ooJourli  m  },],. ,►.!-,  Mi|i U-!  ],   Bhowing- ti  neti  vie,  Had  two 
nuclei  with  inttm-nueleaj  cli  Iwork. 

(»„J  Ooloored  blood-o                              -homing  th'1  miiu-<t'llul/\r  r 

flbriK     Also  enrol  ti'i  - embmne  aa>&  0m  intr*- 

Ti'.i.-l- nu  eu  twork  erf  HI  -                         l  [1  i, 

parts,   s    hue  network  of   fil-rilhe  in   which   the    more    fluid 
apparently  structureless  portion  of  the  protoplasm   ia  contained 
(See  ftgs.  2  and  6.) 

The    network    or   spongeworK    is    called    the    reticulum    or 


spongioplasin,  and    the    more    H n i<  1    portion    in    it*   flumhttl   the 
©nchylema  or  hyaloplasm. 

The  granules  in  protoplasm  are  partly  thickened  portion*  •»!'  the 

plasm,  but  in  atlilitiou  to  ibis  there  appear  to  be  free 

,  boom  Fatty  in  nature  (staining  black  with  osznic  aoM), 

of  the  substance  called  mimal  starch 

Lining  reddish  brown    with   iodine),  and  sometimes  in  a    I 

unicellular     animals      thev     OOUSLSl      of       inOVgante  DUB) 

Bui    by  far  the  most  o  and  abundant  of  (he 

jrranulea  arc  Like  the  main  substance  <«f  tin-  protoplasm,  proteid 

oinous  in  composition. 

The  chemical  structure  of   protoplasm  can  obIj  be  inveeti- 

[ilasin  lias  been  killed.     The  substances  it 

Ida  are  (t)  Water;    protoplasm   is  semifluid,   ami    at    least 

time  -quarters    «>f     it^     weight,     often     inure,    are    dllfl     to    \\:r 

Proteids.     These  are  the  tnoal   oonst*a1  and  abundant  of 

solids.     A  proteid  or  albuminous  ftubatanoa  consisted  carbon, 

■ii,   nitrogen,  oxygen,   with    sulphur  and   phosphorus  in 

II   quantities  only.       In    uuclein,   a   proteid-like    substance 

.'I    in   tin-    nuclei  of   cells,   phosphorus   ie  more   abundant 

Tin*  proteid  obtained  in  greateel  abundance  in  the  cell  pn 

pfcaf  nucleo-proteid,  that  is  i<>  iay,  n  iss  compound 

;  thin  materia]  nuclein  with  proteid. 

White  |  nilin    mi-Lui I"   an  a Ibniuhitais  SUOBtai 

proteid,  and   the  fart   (whteh  is  also  familiar)  thai   this 
into  a  solid  on  boiling  will  serve  ne  h  reminder  thai  the  greater 
number  ol  the  proteids  fotuid  in  nature  haves  similar  tendency 
tu  i     _  under  the  iniliu  heat  ami  other  ageuc 

(j)  Various  othei   substances  occur  in  smaller  proportions,  the 
nt    of    which    arc    lecithin,   s    phosphorised    fat; 
oholesterin,    a    monatomic    alcohol  ;     and     inorganic    salts, 
iv    [thnsphates    and    chlorides    of   calcium,    godiuin,    and 
nt, 
The   large  quantity  of   water  present   should  be  particularly 
aotn  itudent  when  Hrst  shown  diagramed  the  reticulum 

ill   |«l'ot>i[ilasin    is  aja    to   imagine    that    it    UOIMlStS  df   S    linn    Iplid, 

liki  oi    wires  pervading  a  jelly.     The  reticulum  is  only 

slight  lj  more  solid  than  the  byuloplaani. 


The  Nucleus, 

In  form  the  nucleus  i*  generally  round  or  oval,  bul  it  mav 
liiN»k  m  tea  an  irregular  shape,  and  in  other  oases  there 

ma\   In    mote  than  one  nucleus  in  a  coll. 
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The  nucleus  o  ntrolliisg  mtlu  r  the  nut 

and  subdivision  of  the  oell  ;  any  portion  of  '  rom 

the  nucleus  undergoes  degenerative  cha&g 

A  nucleus  coi  i 

i     7  ir  mmUtrfinf,  which  encloses  it, 

of  hliKs  in    appearance    like  the 
of    the   protoplasm    hut    CH3    B    forger   >eale  :     !l»  *ay, 

the  threads  of  which  it  is  ootnposed  are  itjuch  coarser 
tmneh  more  readily  seen,    The  name  chromoplasm  ti 
given  to  this  net  work, 

3.  2fe  littrlmt   9ap  or  rnatrixt  a  more  fluid  and  lion 
Bttbetsoce  which  occupies  the  interstices  of  the  spongework 

Jiron»opLusm. 

4.  WwhoU f    bhese  are  of  two  principal  varietn 
knots  or  thickeodd  portions  of  the  network  and  others  the 
true  nucleoli,  float  Freely  in  the  nuclear  sap. 

These  four  parts  «*f  the  nucleus  are  represented  in 
.■in. 


Node  «-f  octwork  ... , 


ffnde  <-t  ru  twr*rt  _. 


Pig.  7— The  ratting  nucleus—  diagram  limtic,    (WiLdeyer.) 


The  next  figure  (fig,  £)  gives  a  vien  of  the  nucleus,  according  to 
1  hi  researches  of  Kahl.  lb  considers  that  the  fibres  of  tin  network 
may  he  divided  into  thick  fibres  which  he  terms  primary,  and 
thinner  eoimcctint:  branches  which  he  terms  secondary  { shown 
"iily  00  the  right-hand  side  of  the  figure),  This  observer  also 
supposes  that  the  primary  fibres  have  the  looped  arrangement 
depicted  in  the  diagram. 

In  the  investigation  of  microscopic  objects,  a  hiatologi&t  in 
marly  always  obliged  t<>  use  staining  agents;  the  extremely  thin 
objects  he  examines  are  BO  transparent  that,  without  Blicfa  sts 
much  of  the  structure  would  be  invisible.  If  such  dyes 
hfematoxyltu  or  safaanin  are  employed,  it  is  the  nucleus  which 
beOOmes  niost  deeply  stained,  and  thus  stand-  Out  OH  the  lighter 
background  of  the  protoplasm. 


CH.  II.] 


THE   NUCLEUS. 


II 


v  •<'•/• 


Fig.  8.— Diagram  of  nucleus  showing  the  arrange- 
ment of  chief  chromatic  filaments.  Viewed 
from  the  side,  the  polar  end  being  uppermost. 
/>.'-./.,  primary  chromatic  filaments ;  *.,  nu- 
cleolus; H.o.wt.,  node  of  mesh  work.    (Rabl.) 


But  the  whole  nucleus  does  not  stain  equally  deeply ;  it  is  the 
ehromoplasmic  filaments  and  the  nucleoli  which  have  most 
affinity  for  the  stain,  while  the  nuclear  membrane  and  the 
nuclear  sap  are  comparatively  unaffected.  Hence  the  terms 
chronuitin  and  aehromatin 
originally  introduced  by 
Fleming.  The  network 
and  the  nucleoli  are  com- 
posed of  chromatic  sub- 
stance or  chromatin  ;  it  is 
so  called  not  because  it 
has  any  colour  in  the 
natural  state,  but  because  it 
has  an  affinity  for  colours 
artificially  added  to  it. 
For  a  eorresjxniding  reason, 
aehromatin  or  achromatic  substance  is  the  name  given  to  the 
substances  which  make  up  the  nuclear  membrane  and  nuclear  sap. 

To  these  general  facts  one  or  two  details  may  be  added.  Ralhiani  first 
showed  that  the  ehromoplasmic  filament*  are  apparently  transversely  market  I 
into  alternate  dark  and  light  bands  ;  this  is  due  to  the  existence  of  minute 
highly  refracting  particles  imbedded  in  regular  series  in  a  clear  homogeneous 
and  unstainable  matrix  (see  fig.  9).  The  term  chromatin 
should  properly  be  restricted  to  these  particles.  These 
particles  have  special  affinity  for  basic  dyes  like  methyl 
green,  and  safranin. 

Coming  next  to  the  chemical  composition  of  the 
nucleus,  it  is  found  to  consist  principally  of  proteid 
and  proteid-like  substances.  The  nuclei  of  cells 
may  be  obtained  by  subjecting  the  cells  to  the 
action  of  artificial  gastric  juice  ;  the  protoplasm  is 
nearly  entirely  dissolved,  but  the  nuclei  resist  the 
solvent  action  of  the  juice.  No  doubt  the  nuclei 
contain  several  chemical  compounds,  but  the  only 
one  of  which  we  have  any  accurate  knowledge  has 
been  termed  nuclein,  and  this  is  identical  with  the 
substance  called  chronuitin  by  histologists.  It  is 
soluble  in  alkalis,  but  precipitated  by  acids;  it  is 
different  from  a  proteid,  as  it  contains  in  addition  to  carbon, 
nitrogen,  oxygen,  hydrogen  and  sulphur,  an  enormous  quantity 
(7  to  8  per  cent,  or  even  more)  of  phosphorus  in  its  molecule. 
In  many  cases  nucleins  contain  iron  also. 


Fig.  9.— Part  of 
a  ehromo- 
plasmic fila- 
ment, greatly 
magnified. 
(Carnoy.) 


12 


THE   AXIMAL  CELL. 


[ch.  II. 


The  Attraction  Sphere. 

Recent  research  has  shown  that,  in  addition  to  the  nucleus  and 
protoplasm,  most  if  not  all  living  cells  contain  another  structure ; 
it  consists  of  a  minute  particle  called  a  "  centrosome"  which  has 
an  attractive  influence  on  protoplasmic  fibrils  and  granules  in  its 
neighbourhood,  the  whole  appearance  produced  being  called  an 
attraction  sphere  (fig.  10). 


Fig.  10.— A  cell  (white  blood-cor- 
puscle) showing  it*  attraction 
sphere.  In  this,  as  in  most 
cases,  the  attraction  sphere  lies 
near  the  nucleus.    (Schafer.) 


Fig.  ii.— Ovum  of  the  worm 
Ascaris,  showing  a  twin  attrac- 
tion sphere.  The  nucleus  with 
its  contorted  filament  of  chro- 
moplasm  is  represented,  but 
the  protoplasm  of  the  cell  is 
not  filled  m.    (v.  Beneden.) 


It  is  most  prominent  in  cells  which  are  dividing  or  about  to 
divide.  The  centrosome,  and  then  the  attraction  sphere,  become 
double  (fig.  1 1).  It  has  beeu  thought  that  the  centrosome  gives 
the  primary  impulse  to  cell-division,  but  a  few  cases  have  been 
described  in  which  the  nucleus  divides  before  the  centrosome,  and 
it  is  now  agreed  that  the  division  of  chromatin  and  centrosome  are 
two  parallel  events,  the  casual  relation  between  which  is  not  known. 


Protoplasmic  Movement. 

A  cell  possesses  the  power  of  breatlthuj,  that  is,  taking  in 
oxygen  ;  of  nutrition,  of  building  itself  up  from  food  materials; 
and  of  « irrttiotiy  or  the  getting  rid  of  waste  material.  But  the 
most  obvious  physiological  characteristic  of  a  cell  is  its  power  of 
movfttttnt. 

When  an  amieba  is  observed  with  a  high  power  of  the 
microscope,  it  is  found  to  consist  of  an  irregular  mass  of  proto- 
plasm containing  one  or  more  nuclei,  the  protoplasm  itself  beiug 
more  or  less  granular  and  vacuolated.  If  watched  for  a  minute 
or  two,  an  irregular  projection  is  seen  to  be  gradually  thrust  out 
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from  the  main  1  rettaoted  «d  mass  is  then  pro- 

truded in  another  direction,  and  graduallv  the  whole  protoplasmic 

into  it.     The  Ama»b&  thus  oomes 

new  ponitioOi  tod  when  this  is  repeated  levent]  times 

amotion    in   h  definite   direction,  together   with  ■ 

of  form,     These  movements,  when  observed  in 

tec  crlK  such  se   the  colour 

l.-v>    hlood-corpLi*ek*8    of    higher 

13),  in  the  branched        4 A |  .^ 
of  the  frog  runl  elet         LV^k 

Pb    pnqtotionfl  which  ai  w^^ 

iTDAtely    protruded    ai 

movement  it  not 

in  oerteirj  of  the  protosoa,  in  which  the  n 

of    protOp!  \U-im1s    luiijf   ajif]    f J ■  ■  ■  -    pnw.-r.vscs,   thru 


Fig.  i*(.-Hunum  onluurltM*  blood-curputt-lt*.  showing  it* 

within  »*•« minute  wlim  kfBt  EBOfert  on  a  warm  alag?.    ( 


■1. 


little  moveable,  but  upon  the  surface  of  which  (ret  iv  moving  or 
etrennuiiL'  frramilee  are  seen.      \  gliding  movement  1ms  also  been 


Fig,  if,— (a.)  Ynun^r  vegetable  cell*,  ibowtafl  eeil-cai  tilled  with  granular 

11  gncUarfng  a  large  oval  nudeu»,  with  owe  or  mnrv  nu.  iroh 
train  same  plant,  •bowing  distinct  ecllulufle-wall  and  vacuola- 

l  111  certain  animal  rolls;    the  motile  part  of  the  cell  is 
composed  of  protoplasm  bounding  n  central  and  more  compact 
if    the  free  movement   of  this  layer,  the  cell 
may  be  oi  •  move  along. 

In  vegetable  cells  the  protoplasmic  movement  can  be  well 
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in  the  bain  of  the  stinging-nettle  and  Tradoscantia  and  lb 

of   Vallisneria  ami  Chare  ;  it  is  marked  by  the  movement  of  the 

granules  nearly  always  imbedded  in  it.     For  example,  if  \*< 

hair  tif  Iradeecantifl  (fig,  t$)  be  viewed  under  a  high  u 

power,  streams   of    protoplasm   containing   ♦row  i  isttilca 

hurrying  along,  like  the  foot  passengers  in  a  In 

Sowing  steadily  in  definite  direction*,  same  coursing  round  the 

iilrn  which  lines  the  interior  of  the  oell-wal),  and  otto 

cowards  or  away  from  the  irregular  mas*  in  the  centre  of  the 

cell-cavity.     Many  of  these  strean*s  of  protoplasm  run   tog 

and  are  lost  in  the  central  mass,  and  thus  ceaseless 
variations  of  form  are  produced.     The  movement  of  the  pfoto- 

[ ilasn  ]  ic  gri  nulea  to  or  from 
the  periphery 
called  vegetable  cir 
whereas  the  mom 

protoplaara  round  tin 
interior  of  the  cell  is  palled 
rotation* 

The  first  account  of  the 
movement    of    pr 

given  by  Rose!  in  1 755, 
;»>,  oecurring  in  a  small 
Proteus,  probablj  a 
freshwater  amaba,  His 
description  was  follow  %  ri 
t  wei  1 1  v  v » >  rs  laterl  > v  *  Si  >rt  \ s 
demonstration  of  the  rota- 
tii  in  of  the  cell  sap  inCharaoefie,andin  the  earlier  part  of  the  century 
h\  Meyer  in  Vallisnerta,  1827,  and  by  Robert  Brown,  1S31,  in 
"Stamina]  Hairs  of  Tradeacantia."  Then  came  Dujardin's  deeorip 
tion  of  the  grannlar  streaming  in  the  pseudopodia  of  Rhusopods; 
movements  in  other  animal  oella  weir  described  somewhat  latei 
(Pianarian  eggs,  v,  Siebokl,  1 S4 1  ;  colourless  blood-oorpuf 
Wharton  Jonea,  1S46), 

There  is  no  doubt  that  the  protoplasmic  movement  is  eescc 
the   same    thing    in   both   animal   and   vegetable  oella      But  in 
vegetable  tells,  the  cell-wall  obliges  the  movement  to  occur  in  tin 
interior,  while  in  the  naked  animal  nils  the  movement  results  Ed 
hi  externa)  change  of  form. 

Although  the  movements  of  amoeboid  cells  may  be  1» 
described  aa  spontaneous,  yet  they  are  produced  and  tact 
under  the  action  <>i  external  agencies  which  excite  them,  rod 
which  are  therefore  called  stimuli,  and  if  the  mo  eased 


Tig.  15.—  -fVlt  ur  Tmdc*ctuitia  drawn  «t  mUHM^wive 
ils  cif  tww  minatofl,    Theoell 

irivfniluT  prr**-***^  to  a  peripheral  ttW  Ifce 
Whale  I'lnniiiir  n  raiWlfalld  nuiw*  of  pT0tO- 
aLuBO,  irbioh  ia  rontiimullv  ■*—  ffltnf  it* 
Hlijiji.-    (SehoAeld 
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the  time,  a>  siv  fa  lowered  beyond  a 

meiit  DOft]  in  pern  tun  . 

I  with  foreign  hidics,  gentle  pn  salts, 

,  produce  or  increase  the  movement  in  the  luimtia. 
I'hc  protoplasm  is,  therefor  re  or  irritable  to  stimuli,  and 

shows  it*  irritability  by  movement  or  rontraction  of  its  mass 

•  cts   of   some   of   these    stimuli    may    be    thus    further 
stalled 

Um  Choagt*  0/  Um  Moderate  beat  acta  st  s  stimulant ; 

the   moveniciit   Btoc*  when  the  temperature  is  lowered  near   the 

ring  point  or  rai  >ve  40  C 

(104    1  bwo  points 

movementi  increase  in  activitj  ; 

tin   optimum  temperature  is  about 

C    Ttoagh  cold  atope  the 

•  iitent  of  protoplasm,  exposure 

to  1  even  below  o   C. 

-  not  prevent  its  reappearanoe  if 

r  ier.it  lire    is    raised  ;   ow    the 

11  i,  prolonged  to  a 

temperature  of  over  4c  I  her 

kills  the  protoplasm  anil  causes  it 
iter  into  1  oondition  0!  ooagula- 
iior,  fir  h>  We  have  aln  adj 

eeen  that  profceids,  the  moat  abun- 
deal  oonstttnents  of  protoplasm,  are 
coagulated  bjf  heat 

A.   Chemical   $tim%d%*—  Distilled 
iter    first     stimulate    then    stops 
I  movement,  for  bj  imbibi- 
an    it   causes   great   swelling   and 
illy  banting  of   the   eells.     In 
Bases,  however  (myxoiuveetes), 
Dtopi  be  almost  entirely  dried  up,  but  remains  capable  of 

lewin^  its  movement  when  again  moistened,     I  Hlute  salt  solution 
ad    very   dilute   alkalis   stimulate   the   movements   temporarily. 
or  strong  alkalis  permanently  stop  the  movements:  ether, 
form,  veratrine  and  quinine  also  itop  it  for  a  time. 
emenl    is  sus|>eiidcd   in  an   atmoflphere  of  hydrogen   or 
rl>onic  aeid  and   resumed   on   the  admission  of  air  or  OXVgeil  . 
complete  withdrawal  of  OXJgen  will  after  a  time  kill  protoplasm, 
r.   /.  stimulate  the  movement,  while 

ong  currents  cause  the  eells  to  assume  a  spherical  form  and   to 
motionless. 


from  the  staminal 
hoii>  of  Tntdewcantiii.  A ,  1  rvnh  in 
water;  I  M  j*ft#  i  '  slight 

electrical  r-Oiiiiiiat  i<ni ;  p,  ft,  rqgioci 
I  tfttMMQ  ;    .-,  >t.  c\umpa  mill 
nobt  of  contracted  protupln*ui. 
KmIiq&.J 


|6 
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& 


pcuek  od  the  newt  kiJM 

rritum  «<l     ! 

the  appearance  of  the 
paeudopodia  After  l>. 
Qmin,     Qttaina 

toill' 


The  anni/huiil  movements  of  the  colourless  corpuscles 
blood  amy  be  readily  seen  when  m  drop  <>f  blood  from 
is  mixed  with  >  ilt   solution,  ami  examined  on  a  warm  stage  w, ith 
rh<     n  If    /i    psendopndium    *  I     corpus 

observed  tinder  i  high  power,  it  will  be  - 
plasm,  which  h;«s  flowed  out 

Later,  however,  a  portion  •  ticulai 

part  of   tlie   protoplasm 
pseudopodium.     The  cells   may  J" 

:•  i  of  steam  all  ptay  for  a 

mniiMii!    on    (1m-   M1II.IIV  1.)    n 

The   next   figure  illustrates  oni 

this  v 

Tin  essential  act  in  t ho  pro!  re 
pseiidopodiura  is  the  flowing  of  the  h 
plasm  out  of  the  spongioplasm  ,  the  n 
tion  of  the  paeudopodinm  i 
the  hyaloplasm  to  the  spODgioplasm.    The 
spongioplasm  has  an  irregular  arrangement 
with  openings  in  all  directions,  bo  that  the  contractility  of  mnlii 
ferentSated  cells  may  exhibit  itself  towarde  any  point  of  the  eompass, 

Cell   Division. 

A  rell  multiplies  by  dividing  into  two  ;  each  remains  awhile  iu 
the  resting  or,  more  correctly,  nondividing  couditton,  hut  la 
gfOWfi  ami  Subdivides,  and  the  ptvurss  muv  he  repeated  indefinitely. 

The  supreme  Importance  of  the  cell,  the  growth  of  the  body 
cells,  and  the  faet  that  cells  an-  the  living  units  of  the  organism, 
were   first  established   in   the   vegetable  world    by  Sehleidon,  and 
extended  to  the  Animal  kingdom  by  Thecdor  Schwann.    Tin 
of  phvsii ►heists  depending  on  this  idea  are  grouped  together  ks 
cellular  physiology,  which  under  the  gi  ■'  Virehov 

extended  to  pathotogj  also:  Virchow  expressed  the  doctrine  sot 
SO  fan n liar  as  to  be  almost  a  truism  in  the  terse  phtmss  OMSftM 
cfilula  i  oeUula  (every  cell  from  a  ceil). 

Tin-  division  of  a  cell  is  preceded  by  division  of  its  me 
Nuclear  division  may  be  either  ( i)  rimph  or  direct,  which  consists 
in  the  simple  exacl  division  of  the  nucleus  into  i  parol 

by  constriction  in  the  centre,  which  may  have  been  preceded  by 
division  of  the  Duoleoli  ;  or  (2)  indirect,  which  consists  in  I 
Mt  ehanges  which  goes  on   in  the  arrangement  of  the  nuclear 
reticulum,  resulting  in  the  exact  division  of  the  chromatic  fibres 
into  two  {arts,  which  form  the  chromoplasm  of  the  daughter  m 
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The  uhangea  in  the  nucleus  during  indix  don  constitute 

vakin<*i$  (Kapvuw  a   kernel )t   Off  mtUMM  {/xtVos,  a   thread), 
direct  division  is  calli  (irtyipcrif,  movement), 

mitotic  nuclear  division  is  all  but,  though 
Le,  universal.     Somewhat  different  accounts  of  the  stages 
of  the  nuclear  division  hate  been  given  bj  different  authorities, 
the  kind  of  cell  in   which  the  nuclear  changes   have 
tidied;     The  following  will 
Ubom-  by  Klein  : — 

h  resting  condition,  <.<.,  before  any  changes 


Rg,  ifi.— Kanokr  Utwin  mi«  I  li*l  ceJI ;  n,  C,  UV  mm* 

OOdeuJi  in  the  flittfe  of  -m  ,  k„  the  «*crr,  or  *t»j^]> 

u   rpindle  from  th"  D&eemct'n  endothelium  of  the  frtie'»  cornea; 
Kt two dftogbter tHKdri.    (Kt 

preceding  division  occur,  consists  of  a  rery  close  Biaehwork  of  fibrils, 

which  stain  deeply  With  carmine,  embedded  in  a  matrix,  uhicli 
does  not  possess  thi>  propertv,  the  whole  nucleus  being  contained 
m  in  envelope.  The  first  change  consists  of  s  slight  enlargement 
of  the  nucleus,  th*  diaappi  DVBJOpe  and  an  increase  in 

tlu  definition  and  thickness  of  the  nuclear  fibrils,  irhtch  are  aba 

more    separated    thin    they    wen,   and    Stain  better.      Tin-    U    thl 

je  of  convolution  (fig,  iST  b,  <■).     The  next  step  in  the  proa 
the  arrangement  of  the  fibrils  into  wane  definite  figure  by  an 
looping  in  and  nut  around  r  central  space,  by  which 
ma  the  roftfti  or  H-rnttl,  stage  (fig.   t.s,  d)  is  reached.     The 

!<s   of  th-  1  Mil nne  divided   at    the   periphery  and 

ne  more  angular,   so  thai   the  fibrOs, 

divided  into  portions  of  about  equal  length,  are  doubled  at  an 

aCUte  angle,  and    radiate  in  a   \   shaped    manner  from    the  rrntir, 

[8,    B),    and    Liter  from  two   cenlro, 
|  e 
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in  which  case  a  double  star  ((Hatter)  fig.  18,  o,  u,  • 

After  remaining  almost  unchanged  for  Borne  time,  the  \  shaped 
being  first  rearranged  in  the  centre,  side  by  side  (angle  out 
wards),  split  longitudinally  and  separate  mt«>  two  bundle* 
gradually  take  up  a  position  al  eithei  pole.     Prom  the* 
tibrils  the  two  nuclei  of  the  new  cells  are  formed  (d 

1  s,  kk  and  the  changes  they  pass  through  I  aching 

the  retting  condition  are  oxactly  those  through  which  the  01  _ 
nucleus  (mother  nucleus)  lias  gone,  l>nt  in  a  revene  order(  viz.. 
th»    star,  the  rosette,  and  the  convolution.     During 
after  the  formation  of  the  daughter  nuclei  the  cell  itself  be 
constricted  and  then  divides  in  a  line  about  midway  between  them 

The  changes  as  described  are  those  which  are  most  oi 
hut  they  take  little  account  of  the  formation  of  the  spindle 
tii:.  1 -S,  p,  m»r  nf  the  part  played  bj  theattraction  sphere  (seep.  12). 

The  work  of  Waldeyer,   Rab),  and  others  has  shown  tl 
more  exact  description  is  the  folio*  h 

The  process  may  be  divided  into  the  Followin  i — 

1.  The  nondividing  nucleus  (ng.  19). 


Bfodfl  r>| 


Bfod   ■■'  1 


L___.  Nuclear  m»tri*. 
Xudein  ueewurk, 


if . — Th*  resting  nucleus,    t  W>ddcy  nr. ) 


Tlie   spit  em   or  skein    stage  :    the   nucleoli   dissolve, 
secondary  fibres  disappear,  and  the  primary  loops 
from  polar  to  sent i-i«*liii-  regions  remain  (ftge,  3,  20). 

wisted  thread,  which 


In  tome  cells  there  ts  at  fiwl  one  long,  much 
*nl>*<im*jitlv  breaks  u|>  Into  icgmentn. 

3,  Kaih  loop  becomes  leas  convoluted  and  split*  longitudinally 
into  two  sister  threads,  and  the   achromatic   spindle  app 

1  fig.  ii,  4  and  s), 

4.  The  equatorial  stage ,  monaster.  The  nucleus  baa  now  t\u> 
poles,  those  of  the  spindle  ;  and  at  each  pole  there  is  a  polar 
corpuscle  or  centroeome.     The  division  of  tin    centra* 

of  the  original  cell,  and  thou  of  the  attraction  sphere  into 
two,  usually  precedes  the  commencement  of  changes  in  the 
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is  ;  the  iwi.i  sit  traction  spheres  beoome  prominent  in  mU 

on,  and  the  connecting  achromatic  spindle  is  probably 

also  formed  from  tin- 1 ti  or  from  the  achromatic  material  of  the 

nucleus. 


Pi*.  *o.  -Early  condition  of  the  *kein  ttafre  rie wed  at  the  polar  end. 


wramtfG 


f  QOOtt 
fiUmvnl 


(Rati,) 


Fif,  *i.— UMkTcon.litt OB    f  Am  dcatBfltogo  ta  kuryokim-sis.     i.  Th<  thicker  primary fibres 
b«cumctu*  ^involuted  and  thi  «pi  mil  «.•  a  jipeor*.     h.  The  tbirk  libra  split 

tato  two  and  the  w hroroatie  ffpindle  becomes  l<  ;ngi  hjdinal ,     ,  WaldeyeT , ) 


Fig.  **.— Monaster  atago  of  karyokineti*.    [Wtldi 

At  thin  stage  the  nuclear  membrane  ii  lost,  and  thus  oel 

[»t-iitopla4iu  and  nuclear  Bap  beoome  c<mtmin»ns \  the  protoplasm 

immediately  anxmd  the  nucleus  is  clear;  outside  this  i>  ■  granu- 

e,  end  here  the  granule*  jut  arranged  radially  from  the 

>r  like  arrangement  of  these  granules  i* 

tuuch  better  marked  in  embryonic  cells,  indeed  the  lines  present 

much  tli  of  fibrils  (eee  Bg,  23). 

rra  ampkiaafar  often  given  to  this  Appearance  must  m>t 
founded  with  the  diaster  tu  be  immediately  described.      It 
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[CU.  It 


should  further  be  noted  that  in  all  cells  which  are  the  result  of 
the  sexual  process  the  number  of  chromosomes  is  always  even, 
eui  equal  number  being  contributed  by  each 

Polar  cfrctm 


\nlipodat  t 


Ffr. 


i  of  the  ^ 


The  a 


ifpherca  i 


ki  ju  process  of  div 
"fi   --ite  ends  of  the  uvmn  ;  at  Ita**  trustor  of  the  icpindk'  which  unite*  th»i 
titttxaaomotae*  m  m  hi     I  be  protoplaain  «rf  Qu  m  urn,  eautfl  bo  1 1 *►  agnatfirtri  rai  •>! 
the  cell,  in  arranged  in  lines  radiating  from  th-  ol  the  attraction 

nphere.    (Wald 

The  \  ihaped  dtfomopUsmio  fibres  <>r  GknMtoeomei  sink  to  the 

equator  ol  the  spindle,  sad  arrange  themselves  so  as  to  project 

hori/.outally  from  it. 

a  n  c 


K  i  r  i  -  uniting 
tilnmenta. 


24.— MetakincHi*.     a.  Early  wUge,     ft.  letter  tftogv.    •  •.  Lnleat  xtage— furnuitioo  of 
dtuttf,     n.  and  c.  tihow  how  the  sinter  threads  disentangle  themselves  from  one 
tar.    (WaldeycrO 

5.  7%( "  xt*it/i r  uf  mcta&inetu,     The  lister  threads  separate,  one 

set  going  towards  OM  |»ole,  and  the  other  to  the  other  pole 
of  the  spindle  (fig*  24)  :  these  form  the  t WO  daughter  nuclei. 
The  chromosomes  are  probably  pulled  into  their  new  position 
by  the  contraction  of  the  spindle  fibres  attached  to  them. 

6.  Bach  daughter  nucleus  goes   hack  wards  through  the  same 
eeriei  of  oh  t  or  double  star  is  followed  by 

the  dispirem  or  double  skein,  until  at  Last  two  resting  nuch  I 

are  obtained  (Wfi.  25). 

A   new  membrane  forms  anmud  each  daughter  nu«i 
the  spindle  atrophias,  and  the  attraction  sphen  |  less 


CH.  II. J 


KARYOKIXESIS. 


21 


prominent.     The  division  of  the  cell  protoplasm  into  two 

parts  around  the  two  nuclei  begins  in  the  diaster  stage,  and 

is  complete  in  the  stage  represented  in  fig.  25. 

The  karyokinetic  process  has  been  watched  in  all  its  stages  by 

more  than  one  observer.     The  time  occupied  varies  from  half  an 

hour  to  three  hours;    the  details,  however,  must  be  studied  in 

hardened  and  appropriately  stained  specimens.     They  are  most 

readily  seen   in   cells  with   large  nuclei,  such   as  occur  in  the 

epidermis  of  amphibians. 

The  process  varies  a  good  deal  in  different  animal  and  vegetable 
cells ;  such  as  in  the  number  of  chromosomes,  and  the  relative 


f  separata 
ceUaT 


Antipole     of    daughter 
nucleuH. 


*m  Remains  of  spindle. 


Lighter  substance  of  the 
nucleus. 


•  Cell  protoplasm. 

•  Hilus. 


Fig.  25.— Final  stages  of  karyokinesis.    In  the  lower  daughter  nucleus  the  changes  are 
still  more  advanced  than  in  the  upper.    (Waldeyer.) 

importance  of  the  different  stages.  All  attempted  here  has  been 
to  give  an  account  of  a  typical  case.  The  phases  may  be  sum- 
marised in  a  tabular  way  as  follows  (from  Quaint  Anatomy)  : — 

Network  or  Reticulum    ...    1.  Resting  condition  of  mother  nucleus 

(fig.  19). 
(  2.  Close  skein  of  fine  convoluted  fila- 

Skeix  or  Spirem  }         ments  (fig.  20). 

■  3.  Open   skein   of    thicker  filaments. 

(  Spindle  appears  (fig.  21  A). 

Cleavage 4.  Movement  of  V-shaped  chromo- 
somes to  middle  of  nucleus,  and 
each  splits  into  two  sister  threads 
(fig.  21  B). 

Star  or  Monaster 5.  Stellate  arrangement  of  V  fila- 
ments at  equator  of  spindle  (fig. 
22). 

6.  Separation  of  cleft  filaments  and 
movement  along  fibres  of  spindle 
(fig.  24  A  and  B). 

7.  Conveyance  of  V  filaments  towards 
poles  of  spindle  (fig.  24  C). 

(  8.  Open  skein  in  daughter  nuclei. 
-:  9.  Close  skein  in  daughter  nuclei  (fig. 
I         25). 

10.  Resting     condition     of     daughter 
nuclei  (fig.  25). 


divergence  or  metakinesis 

Double  Star  or  Diaster  .    . 

Double  Skein  or  Dispirem  . 
Network  or  Reticulum    .    . 


Hli:      VNIMAL    TELL. 


The  Ovum. 


Thi  ovary  is  an  organ  which  p 

An  ovum  is  I  ftfanple  aatmal  cell  :  its  parts  ai 

diagl 

It  is  in.  im.  'luKiMiir  called  flu-  tons  pelluold&or  vn 

membrane.    The  body  ol  tin 


—  Xmlnoltnari 


Space    1 
pm  topi*  md. 

IVotopUfttn   containing-  yolk 


Vil.llijK  mt>mliTUi«. 


Fig.  26.— Representation  of  u  Imrjum  nruin.     (Padint.) 

M  it  li  granules  of  food  material,  and  often  called  the  yolk  or  vitdlus. 
The  nucleus  ;im]  nucleo]  lomeiimoi  >till  Galled  by  tli 

rminal  vt$idt  and  germinal  spot  reepectivi 

The  formation  of  ova  will  form  tin*  subject  1 1  a  chapter  later 
■  n.  i.ur  it  1.-.  convenient  here  at  the  outset  to  state  briefly 
two  facts,  and  introduce  to  the  student  a  few  tenuis  which  wt 
shall  have  to  employ  Frequently  in  the  intervening  ohapti 

Hie  OVUtn  Brat  discharges  from  its  interior  a  portion  of  its 
Mm  1 1  us,  which  forms  two  little  globules  upon  it  called  the  polar 
globules. 

Fertilisation  then  occurs  j  that  is  to  say,  the  head  or  nucleus 

of  a   male  cell  called  a  BpennatoftOOU   penetrates  into  the  ovum, 

and  becomes  rttsed  with  the  remains  of  the  female  nucleus. 

Cell  division  or  segmentation  then  begins,  and  the  early 
inv  represented  in  the  next  figure. 

Fluid  discharged  from  the  cells  accumulates  within  the  interior 
of  the  mulberry  mass  seen  in  tijjr.  27  *L  and  later,  If  a  section  is 
cut.  through  it,  the  cells  will  he  found  arranged  in  three  l.« 

The  outermost  layer  n  called  the  epiblast. 

The  middle  layer  lb  called  the  mesohlaBt. 

The  innermost  layer  is  called  the  hypoblast. 
Kmm   these  three  layers  the  growth  of  the  rest  of  the  body 
n,   nutritive    materia]    being   derived   from    the   mother  m 
mammals  by  means  of  so  organ  called  the  placenta, 
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The  fpiWant,  the  outermost  layer  of  the  emhryn,  forms  the 
epidermis,  the  outermost  layer  of  the  adult.  It  also  forms  the 
nervous  system. 

The  hifi#»hhi*ti  the  innermost  layer  of  the  embryo,  forms  the 
lining  epithelium  of  the  alimentary  and  respiratory  tracts,  that 
is,  the  innermost  layer  of  the  adult.  It  also  forms  the  cellular 
elements   in    the   large  digestive   glands,  such   as  the  liver  and 


Fig.  27.-  Diagram  of  an  ovum  (a)  undergoing  segmentation.  In  (h)  it  ha*  divided  into  two, 
in  (<■;■  into  four;  and  in  (rf)  the  procww  ha*  resulted  in  the  production  of  the  no-called 
"  mulberry-maw."     ( Pre)*. ) 

pancreas,  which  are  originally,  like  the  lungs,  outgrowths  from  the 
primitive  digestive  tube. 

The  HiwMaHt  forms  the  remainder,  that  is,  the  great  bulk  of 
the  body,  including  the  muscular,  osseous  and  other  connective 
tissues  ;  the  circulatory  and  urino-genital  systems. 


CHAPTER    III. 


EPITHELIUM. 

Ix  the  introductory  chapter  will  be  found  a  list  of  the 
elementary  tissues  of  which  the  organs  of  the  body  are  built  up. 
These  may  be  arranged  into  the  four  groups,  epithelial,  connec- 
tive, muscular,  and  nervous.  The  first  of  these,  the  epithelial 
tissues,  follows  naturally  on  a  study  of  the  animal  cell,  as  an 
epithelium  may  be  denned  as  a  tissue  composed  entirely  of  cells 
united  by  a  minimal  amount  of  cementing  material.  As  a  rule, 
an  epithelium  is  spread  out  as  a  membrane  covering  a  surface  or 
lining  the  cavity  of  a  hollow  organ. 

These  epithelia  may  be  grouped  into  two  great  classes,  each 
of  which  may  be  again  subdivided  according  to  the  shape  and 
arrangement  of  the  cells  of  which  it  is  composed.  The  following 
table  gives  the  principal  varieties  : — 


'4 


ENTHKI 


9S  i- — Simpli  epitheih 
of  mi!'  layer  of  oelta  only.     lt«  rahgr  - : — 

a    Pavemeul  epithelium* 
/*.  Cubical  nil  columnar  epithelium 
I  ftluttod  epithelium. 


Fig.  aft,— From  a  Mffltton  I  f  the  Utng  of  n  eat.  rtaiiH-d  i  .  Iveoli  or 

km]  with  lai  ■  Ui,  with  «om«  tonal] •  i  polyhedral  1 

(Klein  and  MAM  Bnttb 


FSff,  29.— Abdominal  surface  of  central  tendon  of  thf-  diaphragm  of  labbit,  showing  the 
general  polygonal  shape  of  th<*  endothelial  cell*;  each  cell  i*  nucleated.  X  joo, 
(Klein,) 

H  2. — ^Compound  epithelium  ;  that  is,  an  epithelium  ooa- 
-Htmj  of  toore  than  our  layer  of  cells.  Its  Bttbgroape  are  as 
follow*  : — 

i^uil  epithelium. 
h.  Stratified  epithelium, 


HKIJUM. 


*S 


Thn  doee  not  include  the  bagm  ipeoialiaed  formfi 

of  epithelium  found  in  «  organs, 


Flg\ jo.— Perifcra**!  surf  at*  of  a  portion  of  the  septum  of  the  great  tjrmph-sn?  of  a  frog, 
of  which  are  upon,  aome  collapsed,  are  well  shown,     a   160. 

nor  MMntmvs  like  hair,  and  oimtnol  of  tooth,  which  are  epithelial 
in  origin*     These  will  he  oowdfired  in  their  proper  place  later  on. 


1  of  the  great  omentum  of  dog,  which  shows,  amongst  flM  (! 

ind  large  groups  of  germinating  endothelium,  between 
j  stomata.     x  300.      Klein  / 

1  fur  the  presenl    be  content  t<»  »tn<ly  those  already 
iiiinj.  ratrJ,    tml  take  tlietn  one  by  one. 
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Pavement  Epithelium. 

This ooitsial  sol  a  laj  ei  of  8j  imaged  like  '' 

atones  accurately  Sttii 

of  cementing    material     The  structure  of   the   cells  nod   their 
outltuee   may    bo  Lstrated    by   a  pi 

ting  ;  one  stain,  silver  n 
to  ah(  nting  nx 

and    another,    like     logwood,    to 
show  up  the  nuclei  of  the  eell*. 
A  portion    of   the    fresh    I 

is  taken  and  immei  a  few 

minutes  in  a  I   per  <ent.  sofatioa 
of  nitrate  of  silver  ;  it   is  I 
out,  washed  with  distilled 
and  exposed  in  water  or  spii 
Biuilight.    The  silvei 
pound   with   the   cemeut,    which 
in  the  light  is  decomposed  or  re- 
duced,  leading  to  a  tine  d< 
of  silver,   showing    us   black    or 
brown  lines  between  the 
accurately  defining  their  out ! 

The   preparation   may 
immersed  iu  some  stain  like  log 
out  the  nuclei,  and 
ft  nail  j  mounted  iu  the  usual 

The  details  of  hist 

ran  only  he  properly  learnt    in  I 

practical  class. 

Fig.  28  shows  the  appears 
roted    in    a    preparation  of 

In  the  alveoli  or  an 
Of  the  lulu  r  1  r  epithelium 

of  ,\  typical  kind  is  found 

hii_r  a  Unlng  ]im  1 1 1 1  - r :  1 1  m_  . 

Endothelium* — Kpithelinm  of  similar  appearance    is    found 
lining  the  interior  of  the  whole  of  the  vascular  system,  heart, 
arteries,  capillaries,  veins,  ami  lymphatics,  and  in  the  adjum 
the  circulatory  system  called  the  Berous  niombi  ricardhttQ, 

peritoneum,  eft 

epithelium  is  formed  from  the  middle  layer  of  the  embryo, 
h  sohlast  ;    most    other    epithelium    is   derived    either    from 


Fiff    \3.     .Surf  arc  view  of  an  Art 

Ui»-  rneaentery  of  &  frixr,  raithoathed 

in  &  peri-vtw<<nlar  lymphatic 

a,  TL 

t-iikr  coat  (modi.  1 1 

tmwwiw  Tanrkinffx,  with  an 

tiou     of     '  ttitia    outside. 

K  Lymphatic    raael;  it*,  wuli  i*    1 

■bajple  endothelial  membrane.  (Klein 

and  Noblf  Smith.) 


KP1THKL1UM, 

hypoblast     Heuoe  it  hat  reoerred  ;i  distinct  ni 

'othetium, 
The  general  appearance  presented  bj   endothelium  in  sefotai 

tuemlnaie  ;i   j    in    Uood-VOWeU  itl 

Tin  in  tome  e»f  t lit-  drawings  are  minute  uw 

I  surrounded  by  more  I  In  which  loud  fron 

to  Ivmnhatie  vi^els. 
J 


Cubical,  Spheroidal,  and  Columnar  Epithelium. 


In  these  Forme  «»f  epithelium,  the  colls  are  not  flat,  Imt  are 
thick  ;  it  thrv  approximate  cubes  or  spheres  in  shape,  the  epi« 
(lit'liutn  is  called  cubical  or  spheroidal  respeofcivety     Spheroidal 

theliuin  i*  found  in  the  alveoli  of  secreting  glands,  each  as  the 
liTerfand  pancreas  (ee  ,  and  34},  and  will 


rtWnclular  epithelium.    Baud]  total*  of  n, 
*g1&n<luf  the  tongue,  nhowiag  nuclmttil 


Fig.  34-— A  «inall  pieoe  ■•(  ttUJ  livi  i 


ngth  in  ocmnection  with  those  organ*.     Cubical 
epithelium  is  found  in  the  alveoli  of  the  thyroid  (aee  Bg.  35),  in 
lie  tulnilr-  >i\  tie    testis,  am]  in  the  duels  of  BOme  glands. 
In   columnar  eptthoKuift   the  oellfi  are  tall,  and  form  a  kind  of 

it   is  found  lining  the  interior 
tin  and  intestines,  and  the  duets  of  the  majority  of 

eoreting  glands;  it  forma  also  the  layer  o»  the  oatet  surface 
1  he  ovary. 

In  the  intestinal  epithelium  each  1  ill  has  a  distinct  brightly 
aid  striated  border,     1  1  isolated  colls 

thin  kind. 
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The  nucleus  with  its  usual  network  and  the  vacuole 
<  lit  UuiH  of  the  protoplasm  are  ret  a,     The  attached  border 

i    narrower  than  the  fr<  Lmceboid  lymph  colls  an-  found 


W&* 


Fijf.  35.- Section  of  human  thyroid  ;  the  few  ▼eaielew  ahown  an?  lined  by  cubical  epithe- 
lium, imil  contain  a  colloid material.      Air.  . 

in  the  spans  that  must   QeceMarirj?  be  left  when  oelta  of 
a  ehape  cover  a  surface.     I  dwb  a  row  of  oolui 

From  the  rabbit's  mtosti&a 
The  next  figure  (Til-.  |8)  ihowt  the  arrangement  of  these  cells 


Fig.  :/y.— Columnar  +  pit  ri  I  ItfVu  interline*.    The  ceil*  have  been  i* 

after  rmo'cmtiou  KB  wry  weak  chromic  umL    The  cell*  otu  much  vacuolated,  i 
of  them  has  a  fat  ■lobule  near  Iti  attached  end.    The  striated  border 
«eenf  and  the  bright  dine  separating  it  fmm  the  cell  protoplasm,    u,  nucleua  m„_ 
intranuclear  network.    »/,  a  thinned  out  wingiifc  prnja  1  ion  of  the  cell  which  probahlr 
fitted  between  two  adjacent  cells,     ( Sch  Eitn 


on  the  tticfaiv  of  i  villus,  one  of  the  numerous  little  projections 
found  hi  the  small  intestine. 


RHTIIKUUM. 


Tin  |»»rr   ;irv    (fan    to    the    fnrniiil.i«m    of    v\liat    ;»r» 

called  9  Ik.     In  torn  •  >!  the  oolutm  8  formation 


J7.-A  row  of  columnar  cell*  from  11m  ml.i.if*  mt4<*Un<.'.    SmiiJUr  «*jUk  arc  «wti 
between  the  epithelium  cell*  ;  the*c  arv  lyinph-curpuachij.      Btfetfa 

DOOUCT  vvliirli    ronsist   of   ;»    sulrtstlincc  CttlL  J'ti  ; 

be^  ud  arc  discharged  fiota  the  cell  at  ft  brightly 


Fi(r.  >*.— Vertical  miction  of  an  intartiaal  vill u»  of  a  oat,    a,  the  fti 

ai  the  epithelium  ;  ft,  colimuwu  i •ruthr-liiuu ,  %  goblet  oaUa;  tf.  centra]  lympb-veaael : 
*.  uimtriped  mu*  ulnr  flhn**;  /,  aoasott  utroimi  d  1 1 1 *  villus  a n  wlii.-h  lire  contained 
ljinph~corpiuclca.    (Ki 

refracting  globule  of  morin,  leaving  the  cell  with  Opel)  mouth  like 


i--,  |  Oa  B  Bis 

I  goblet,  the  ma  leu-  being  surrounded  by  the  remain*  of  the 
protoplasm  in  i t -s  narrow  atem  (see  fig.  39). 
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This  transformation  La  ;<  norma]  pn  .•  going  on 

throughout  life,  the  diicl  \tcin  contributing  u>  form  mum*. 

The  celli  themsehree  maj  recover  thai*  original  shape  after  dis- 

■  the  prooeat  lataz 


Ciliated  Epithelium. 

The  cells  of   ciliated  epithelium   are   generally  of   columnar 
itulpe  (fig,  40),  but  tli« ■}   i'  -ioually  hi 


I  Hated  epithelium  from  the  human 
-,    tftrg**    fully    farmed 
,'■„  Hhurter  tdl .  • .  dev<  ••  with 

iiLoxi   than  i.ik.'  tin-  lr u-      [<    i-lial.) 


Fig.  1  >U1  cilixtrd 

mm  tht  uififitbuf 
the  frog.  ;<  300  diame- 
ters.   (Sharps 


Each  eel  I  is  surmounted  by  i«  bunch  of  fine  tapering  filam 
They  wen'  originajlj  sailed  ctfui  beoanae  of  their  resemblance  m 


wM 


£%,  p.    Gftiated  t-fiith*  liutii  of  tin  liimum  trachea,    *t,  layer  of  longitudinal!] 

meat  membrane;     ,  deeped  cell*,  circular  in  fonn ;  rf, 
tteAiata elongated  atermoet  layei  ped  and  bearing  cflia- 

K.'Uikrr. 

shape    to    eyelaahea.      They   differ    from    eyelashes    in 

extremely  small,  and  in  not  being  stiff;  they  are  in  fact  composed 
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ILIAKV     UMI 


P 


of  protoplaem    [hiring  life  these  move  to  sod  fro,  and  bg  pn 
a  current  of  fluid  over  the  sun  Like  columnar 

v  ma)'  foi  '   oella  and  dii 

In  tin.  Larger  ciliated  bells,  it  will  l>< 

n     which    the    Dili 

i*   bright,  and   composed   of  little   knobe,    to 

rich    •  >!    which    A    cilnim    Ifl    altaried,     in    MIIDC 

cases  ilic  L  d  into  the  cell  pro- 

-  filaments  or  rootlet*  (fig,  43), 
The  bftnen  of  ofli  with  the 

■Mated  border  of  oohunnar  oella 

Ciliated   ipitheliurii  is  found  in  the  human 
1 1)  lining  the  air  paeaageej  bnt  not  in  the 
alveoli  <>t  the  Image  :  these  are  lined  by  p 

2 )  in  the    Fallopian   tubes 

ipei  (urt  of  tfa  1 3 i  in  the  blurts 

jtia  known  as  the  taaa  ♦  ■tleivntia  and 

lew     here  the  cilia  are  the  loo 

•■h  :  rp  ni  the  rentrioles  ol  the 

ain    and    central   canal    of    the   spinal    OOtd  ; 

i   trf  a  spermatoeoon   ooaj  alio  be 

r  led  aa  e  long  ciliuni. 

In  Other  animal*  cilia  arc  found  ifi  other 
pait8j  tor  instance,  in  the  frog  the  mouth  and 
unlleL  arc  lined  b)  ciliated  I ■* -lis  ;  in  the  tad 
jmiIc,  the  whole  surface  of  the  body  and  espe* 

u  are  covered    with  cilia.     Among  the 

one   finds  many   protoeos    oom< 

ptetely  covered  with  cilia  ;  in   many  embryos 

in  definite  bands  round 

10  tie-  rotifers  or  wheel  antmaleules, 

a  ring  of  cilia  round  the  mouth  givefl  the  name 

to  Une  particular  group.     The  uiila  of  mam 

animals  I  with  cilia     and  the  cells  of  ihc  kidney  tunnies 

aimala  an  ciliated 

Ciliary  Motion. 
Cilian   motion  reminds  one  of  anueboid   movement,  but  it  te 

much  more  rapid,  and  mole  orderly.       It  consists  Of  a  rhythmical 

lit  of  the  cilia,  0  bending  over,  followed    In,   a  lessening 
ihc  curve!  ated  with  great  frequency. 

When  living  ciliated  epithelium,  *w,  from  the  jill  of  a  mussel, 

ntii  of    th  examined  under  the  unci* 


ig.    ij.  —  (Hiatal 
tatov- 

.»   lil0Hti«e. 
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in  a  drop  of  06  per  cent,  solution  of  common  salt  (normal  saline 
solution),  the  cilia  are  seen  to  be  in  constant  rapid  motion,  each 
ciliuni  being  fixed  at  one  end,  and  swinging  or  lashing  to  and 
fro.  The  general  impression  given  to  the  eye  of  the  observer 
is  very  similar  to  that  produced  by  waves  in  a  field  of  corn,  or 
swiftly  running  and  rippling  water,  and  the  result  of  their  move- 
ment is  to  produce  a  continuous  current  in  a  definite  direction, 
and  this  direction  is  the  same  on  the  same  surface,  being  usually 
in  the  case  of  a  cavity  towards  the  external  orifice. 

There  is  not  only  rhythmicality  in  the  movement  of  a  single 
cilium,  but  each  acts  in  harmony  with  its  fellows  in  the  same 
cell,  and  on  neighbouring  cells. 

The  uses  of  cilia  can  from  the  above  be  almost  guessed  ;  in 
the  respiratory  passages  they  create  a  current  of  mucus  with 
entangled  dust  towards  tiie  throat ;  in  the  Fallopian  tube  or 
oviduct  they  assist  the  ovum  on  its  way  to  the  uterus;  iu  the 
gullet  of  the  frog  they  act  downwards  and  assist  swallowing;  in 
the  ciliated  protozoa  they  are  locomotive  organs.  Over  the 
gills  of  marine  animals  they  keep  up  a  fresh  supply  of  water, 
and  in  tiie  ai.se  of  the  rotifers,  which  are  fixed  animals,  the  current 
of  water  brings  food  to  the  mouth. 

Ciliary  motion  is  independent  of  the  will,  of  the  direct  influence 
of  the  nervous  system,  and  of  muscular  contraction.  It  may 
continue  for  several  hours  after  death  or  removal  from  the  body, 
provided  the  portion  of  tissue  under  examination  be  kept  moist 
Its  independence  of  the  nervous  system  is  shown  also  in  its 
occurrence  in  the  lowest  invertebrate  animals  which  are  un- 
provided with  anything  analogous  to  a  nervous  system,  in  its 
persistence  in  animals  killed  by  prussic  acid,  by  narcotic  or 
other  poisons,  and  after  the  direct  application  of  narcotics,  such 
as  morphia,  opium,  and  belladonna,  to  the  ciliary  surface,  or  of 
electricity  through  it.  The  vapour  of  chloroform  arrests  the 
motion,  but  it  is  renewed  on  the  discontinuance  of  the  applica- 
tion. The  movement  ceases  when  the  cilia  are  deprived  of 
oxygen,  although  it  may  continue  for  a  time  in  the  abseuce  of 
free  oxygen,  but  is  revived  on  the  admission  of  this  gas.  Car- 
bonic acid  stops  the  movement.  The  contact  of  various  sub- 
stances, r.</.,  bile,  strong  acids,  and  alkalis,  will  stop  the  motion 
altogether  ;  but  this  seems  to  depend  chiefly  on  destruction  of 
the  delicate  substance  of  which  the  cilia  are  composed.  Tem- 
peratures above  45  '  C.  and  near  o'"  C.  stop  the  movement, 
whereas  moderate  boat  and  dilute  alkalis  are  favourable  to  the 
action  and  revive  the  movement  after  temporary  cessation.  The 
exact  explanation  of  ciliary  movement  is  not  known ;  whatever 
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us*.-,  the  movement  must  depend  upon  some 
m  in  the  cell  to  which   the  Cilia  are  atta'-hcd,  a* 
when   the  Im  out  off  from  the  cell   the  movement  oet 

end  when  acirered  %q  that  ■  portion  of  the  cilia  are  left 

;he  cell,  '  bed  nod  act  tie   severed  portions  continue 

the    moi entente      The   Tii* >st   probable   cause   of   the   movement   is 
t lint  it  is  part  of  tie-  inie  relit  power  which  protoplasm  possesses, 

that    the  cilia  are   but  prolongations   of   the   spongiopt 
of  the  cell     It  has  red  by  Kugehnann  that  if  this 

bfl    the   ease,    the   emit rait ■  1  ■  -    part    of   the   protoplasm    is   only    on 
i  m  veil  cilium,  and  that  when  this  contracts 

that  the  •  'iliuiii  ii  brought  downwards ;  where  relaxation  occur*, 

j hum  rebounds  by  the  elastic  recoil  of  the  convex  border. 
Sehafcr  has  suggested  that  the  flow  of  hyaloplasm  back  wards 
and    forwards  will   erpl&UI  ciliary  as   it  will   aoitiBboid   movement. 

In  an  amoeboid  cell,  the  Bpongioplaem  is  irregular  in 

metit,  hence  an   Outflow  Of   hyaloplasm   from    it  can   OCCUT   ml   ;itiv 

direction,  LSut  in  the  curved  projectioii  called  a  dlium,  the 
hjaloplasm  can  obviously  Bow  to  only  one  direction  into  the 
im  and  baok  again.  The  Sow  of  more  hyaloplasm  into  the 
cilium  will  cause  it  to  straighten,  the  flow 
of  the  hyaloplasm  back  into  the  body  of  the  cell  will  cause  the 
cilium  to  curve. 

The  action  of  dilute  alkalis  and  adds  on  cilia  is  interesting. 

icicle  stop  ciliary  motion  |  and   cilia,  if  allowed    to  act   in 
salt  tohltion   for  a  time,  get  more  and  more  languid   and    finally 

reasr  acting  ;  in  pojm|.n-  Language  t Im  %  become  fatigued,     Now 
thai]  tmd  in  muscle  that  fatigue  ii  largely  due  to  the  aeouznu- 

lation  ol   the    i  id    produota  of   muscular  activity;    remove   the 
DO  -lactic    acid    and    far  i^    off.       It    is    probable    that 

the  urs  in  other  contractile  tissues  ;  the  cilia  gradually 

s  due  to  acid  products  of  their  activity  collecting  around 
these  ;  when  these  are  neutralised  with  dilute  alkali  the  cilia 
resume  activity. 


Transitional  Epithelium, 

This  term  has  been  applied  to  cells  which  are  neither  arranged 
m  a  aingfa   layer,  as  is  the  0100  with  simple  epithelium,  nor 
in    many    superimposed    strata,    as    in    stratified    epithelium  j    in 

>r  words,  it  is  employed  when  epithelial  cells  are  found  in  two, 
three,  or  four  mperimpoeed  Layero, 

The  upper  layer  may  be  either  columnar,  ciliated,  or  squamous. 
When   the  upper  layer  is  columnar  or  ciliated  the  second  layer 

k  r  n 


34 


KPITHELirM. 


rcw.m. 


is  titled  into  the  inequalities  of  the  cell* 
abc^  the  trachea  (fig,  4?). 

Th<  an  which  ia  met  with  lining  i Hoary  bladder 

ten  is,  however,  th  «nal  ;*ir  rsrdtencr.     In  this 

»t    three   layers  of  cells,  the  upper  being 

or  lean  Battened  according  to  the  full  or  collapsed  o>: 

of  the  Ofgao,  their  under  surfaee  being  marked  with  one  or  more 

lis,  into  which  the  heads  of  the  next  hirer  of  clutmbaped 

Bet1  the  lower  md  narrower  part*  of   the  second 

Us  arc  fixed  the  irregular  cells  which  eoostitute  tlie 

sometimes  n  fourth  mi  is  present  (fig.  44).     It  can 

<\\y  n&derstood,  therefore,  thai  it'  a  scraping  of  the  u 


1  i     itHeliutn  of  the  MihM<t.     #,  om 

■  (   H,     . .  II     ol  'l..    r;<  -r   i,,..s  ..■-,, 

■    I    i-.w  .     ,  wIIh  in   «'!«,  of  »irM, 
neucmd,  iumJ  ■  !<  i  i«  il  lnyi  re,    Oberstdncr 


»iitl  trathelkl  rail* 
fitiin  a  H-niping  of  the  mueoov 
membrane  ol  the  Madder  of  the 
V    D,  Hnrri*.j 


membrane  of  the  bladder  is  teased*  and  examined  under  the  micro 

SOOpe,  Delll  ol  I  great  variety  "«'  ,y  he  made  out  {Hg,  45), 

Each  cell  contains  ■  large  nucleus,  and  the  larger  and  superficial 
Delia  often  possess  tiro, 


Stratified  Epithelium. 

The  tern  sirattfUd  ^pUkdium  is  employe*)  when  tin*  doIIi 
forming  the  •  ■pithclium  are  arranged  in  a  considerable  number  of 
supeiimpoeed  layers.     The  shape  snd  use  of  the  cells  of  the 

.liftercut  layers,  as  well  as  the  number  of  the  layers,  vary  hi 
different  situations  ;  hut  the  superficial  cells  are,  as  a  rule,  of  the 
SOU anions,  or  scaly  variety,  and  the  deepest  of  the  columnar  form. 
The  cells  of  the  intermediate  layers  are  of  different  shapes,  hut 
those  of  I  he  middle  layers  are  mem-  or  less  rounded.  The  super 
noial  -Us  ;iiv  broad  and  overlap  by  their  edges  (tf^  46).  Th<  il 
chemical  composition  is  different  from  that  of  the  underlying 
v    cont  kin  keratin,  and  are  therefore  homv  in  character, 
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The  nuch tttfl  ifl  often  »i"«    >j')Kii.  nf       Tin*  redly  cellular  nature 

of  even  the  dry  tod  shrivelled  I  off  From  the  surface  of 

the  epidermis  can   he  proved   hy 

• 
which    rapidly    causes     thein   to 
swell  and   assume  their  original 

The    stjuarnous   cells   exist    in 
dumber  of  levers  in 
pidesmii  or  superficial  part 
of  the  skin  ;  the  most  superficial 
•  >f   these   an   being  continually 
Removed  by  friction,  and  in  Emu  below  supply  the  plaee 

.if  those  cast  off. 


Fi«\    i6,  m    horn    the 

itiAtle  uf  the  mouth.    .<  iGo.  [H< 


Fig    |  lection  ol  the  unratified  .  iirlwlium  of  the  rabbit'*  oarnca.    #7,  unNn.tr 

*»pithi  Jimim,  Oiow  . ,  lis  nt  rniioun  depths  from  the  free 

*urf;i.  «  .  /,  u  jxirtiHn  of  t)i»  -ul^t.ti  .         Klnii.) 

The   intermediate  cells   approach   more  fen  the   Mat  variety  the 
nearer   they  are  to  the   surface,   and    to    tin-    cohltnoai   as    tl 
approach  the  low*  st  layer.    Theft 
may  \>c  ouiMderaMe  intercellular 
intervals  ;  and    in    many   of    the 
deeper  layers  of  epithelium  in  the 
mouth   and    skin    the   outline   of 
the    cells    is    very    irregular,    in 
eouseu.utnre  of  processes  patting 
from  cell  to  cell  across  these  in 
tervats* 

Such  cells  (fig,  4*?)  aiv  fanned 
u ridge  ami  furrow,"  "copied" 
or  "prickle"  cells.  These 
"pri-  ire  proluni 

the  intracellular  network  which 
run  across  from  ceil  to  nil,  thus  joining  them  Together,  the  inter- 
aiees  being  filled  by  lymph  and   transparent   intercellular  cement 

D2 


Jagged  cell?*  frmn   tbo  middle 
of  Ktratiflt-d  epithelium,  from 
11  vertical  necticm,  ni   the  gum  <>f  1 
new-born  infant,      Kl<  in. 
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substance.  When  this  increases  in  quantity  in  inflammation  the 
cells  are  pushed  further  apart,  and  the  connecting  fibrils  or 
"  prickles  "  elongated  and  therefore  more  clearly  visible. 

The  columnar  cells  of  the  deepest  layer  are  distinctly  nucleated; 
they  multiply  rapidly  by  division ;  and  as  new  cells  are  formed 
beneath,  they  press  the  older  cells  forwards  to  be  in  turn  pressed 
forwards  themselves  towards  the  surface,  gradually  altering  in 
shape  and  chemical  composition  until  they  are  cast  off  from  the 
surface. 

Stratified  epithelium  is  found  in  the  following  situations : — 
(i)  Forming  the  epidermis,  covering  the  whole  of  the  external 
surface  of  the  body  ;  (2)  Covering  the  mucous  membrane  of  the 
nasal  orifice,  tongue,  mouth,  pharynx,  and  oesophagus  ;  (3)  As 
the  conjunctival  epithelium,  covering  the  cornea  ;  (4)  Lining  the 
vagina  and  the  vaginal  part  of  the  cervix  uteri. 

Nutrition  of  Epithelium. 

Epithelium  has  no  blood-vessels ;  it  is  nourished  by  lymph. 
When  the  blood  is  circulating  through  the  thin-walled  small  blood- 
vessels in  the  tissues  beneath  the  epithelium,  some  of  its  fluid 
constituents  escape.  This  fluid  is  called  lymph  ;  it  penetrates  to 
all  parts  of  the  cellular  elements  of  tissues  and  nourishes  them. 
In  the  thicker  varieties  of  epithelium,  the  presence  of  the  irregular 
minute  channels  between  the  prickle  cells  (fig.  48)  enables  the 
lymph  to  soak  more  readily  between  the  cells  than  it  would 
otherwise  bo  able  to  do.  Epithelium  is  also  destitute  of  nerves 
as  a  rule.  Hut  in  stratified  epithelium,  particularly  that  covering 
the  cornea  at  the  front  of  the  eye  and  in  the  deeper  layers  of  the 
epidermis,  a  plexus  of  nerve  fibrils  is  found. 

Chemistry  of  Epithelium. 

There  is  not  much  to  add  to  what  has  been  already  stated 
concerning  cells ;  protoplasm  and  nucleus  have  the  same  chemical 
composition  as  has  been  already  described  in  Chapter  II.  Two 
new  substances  have,  however,  been  mentioned  in  the  foregoing 
chapter — namely,  mucin  and  keratin. 

Mucin. — This  is  a  widely  distributed  substance  occurring  in 
epithelial  cells  or  shed  out  by  them  (see  goblet  cells,  fig.  39).  It 
also  forms  the  chief  constituent  of  the  cementing  substance 
between  epithelial  cells.  We  shall  again  meet  with  it  in  the 
intercellular  substance  of  the  connective  tissues.  The  mucin 
obtained  from  different  sources  varies  in  composition  and  reactions. 


There   are   probably  several   mucins,    but    they   all  agree  in   the 
following  points  : — 

i(u)    Phjaii  <l  ob&Tftotar:   viscid  and  tenacious. 
rVeeipitabtlity   from  solutions    I  aeid.      They  all 

-solve  in  dilute  alkalis,  like  lime-water. 
(c)  They  are  all  bomppojida  of  protcid,  with  a  carbohydrate 
called  animal  gODO,  which    by   treatment    with  dilute  mineral 
acid  can   Ijc    h  into  a    reducing   but    non  k\ 'tin ntablc 


,:ar. 

The  substance 


mucin,  when  it  is   formed    within   cells   (goblet 
cells,  cells  of  mucous  -lands),  is  preceded  in  the  cells  by  granules 
of  a  substance  which  is  not  mucin,  but   is  readily   changed   Into 
mucin.     This  pxtcomor,  ok  mother  mbatanot  of  mucin,  is  called 
■  if  mm  mc 

I\t><tt<tt,  or  horny  material,  is  the  >ubstaiice  found    in  the  sur 
o£  the  epidermis,   in  hairs,  nails,  hoofs,  and  bonis.       It 
ia  i  >hibl'e,  and   chiefly  differs  bom   proteids  in   its   bigfa 

ige  of  sulphur. 

The*  id  keratin,  ait  tint  proteida,  thoogh  similar 

Iv  ire  memberi  ol  n  beterogenecma  gitrap  ol  proteSd-lUte 
ich  are  called  slbtirniixttdft,  tad  levamJ  more  members  of  this 
.  consider  la  our  next  chapter  «>n  t he  conn* 

ITi  i  k  n.nnective  tissues  are  the  following  : — 
j.   Areolar  tissue, 
r,   Btbioui  tissue, 
3.  Elastic  tis 
;.     \diposc  tissue. 
5.    Ketifonn  arid  lymphoid  tisanes. 
6,   Jelly  like  tissue. 
7.   *  art i luge. 
8.    BOM  and  dentine. 
0.  Blood, 
\t  tirat  sight  these  numerous  tissues  appear  to  form  a  very 
'j>,  including  the  most  solid  tissues  ol  the  body 
(bone,  dentine)  and  the  most  Unid  (blood). 
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But  on  examining  a  little  more  deeply,  one  finds  that  the 
grouping  of  these  apparently  different  tissues  together  depends 
on  a  number  of  valid  reasons,  which  may  he  briefly  stated  as 
follows : — 

i.  They  all  resemble  each  other  in  origin.  All  are  formed 
from  the  mesoblast,  the  middle  layer  of  the  embryo. 

2.  They  resemble  each  other  structurally  ;  that  is  to  say,  the 
cellular  element  is  at  a  minimum,  and  the  intercellular 
material  at  a  maximum. 

3.  They  resemble  each  other  functionally ;  they  form  the 
skeleton,  and  act  as  binding,  supporting,  or  connecting 
tissues  to  the  softer  and  more  vital  tissues. 

An  apology  is  sometimes  made  for  calling  the  blood  a  tissue, 
because  one's  preconceived  idea  of  a  tissue  or  texture  is  that  it 
must  be  something  of  a  solid  nature.  But  all  the  tissues  contain 
water.  Muscular  tissue  contains,  for  instance,  at  least  three- 
quarters  of  its  weight  as  water.  Blood,  after  all,  is  not  much 
more  liquid  than  muscle.  Blood,  moreover,  contains  cellular 
elements  analogous  to  the  cells  of  other  tissues,  but  separated  by 
large  quantities  of  a  fluid  intercellular  material  called  blood- 
plasma. 

BIckxI  is  also  niesoblastic,  and  thus  the  two  first  characteristics 
of  a  connective  tissue  are  present.  It  does  not  fulfil  the  third 
condition  by  contributing  to  the  support  of  the  body  as  part  of 
the  skeleton,  but  it  does  so  in  another  sense,  and  serves  to 
support  the  body  by  conveying  nutriment  to  all  parts. 

We  may  now  proceed  to  a  consideration  of  this  long  list  of 
tissues,  one  by  one,  in  the  order  named. 


Areolar  Tissue. 

It  is  convenient  to  take  this  first,  as  it  is  a  very  typical 
connective  tissue.  It  has  a  wide  distribution,  and  constitutes 
the  subcutaneous,  subserous,  and  submucous  tissues.  It  forms 
sheaths  (fascia?)  for  muscles,  nerves,  blood-vessels,  glands,  and 
internal  organs,  binding  them  in  position  and  penetrating  into 
their  interior,  supports  and  connects  their  individual  parts. 

If  one  takes  a  little  of  the  subcutaneous  tissue  from  an  animal, 
and  stretches  it  out  on  a  glass  slide,  it  appears  to  the  naked  eye 
like  a  soft,  fleecy  network  of  fine  white  fibres,  with  here  and  there 
wider  fibres  joining  it.     It  is,  moreover,  elastic. 

But  in  order  to  make  out  its  structure  accurately  it  is  necessary 
to  examine  the  thinnest  portions  of  the  film  with  the  microscope,  and 
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»ii  of  Blaming  and  other  reagentemap  then  be  also  etadied. 

eeii  thai  this  typierd  connective  ti*Mi<"  I 


j.  49*— Bundles  of  Hi-  white  fibre*  uf  areolar  tusuu  partly  unravelled, 
i  Sh»rj*  y  J 

of  four  different  kinds  of   material,  or,  M   they   may   hi"    termed] 

I  histological  element*.     They  are  : — 
(a)   Tells,    or    connective-tissue   com 
puselea, 
(b)   A  homogeneous  matrix,  ground 
guhMaiicc,  or   intercellular  mate- 
rial. 
(c)  While  til  i 

(d)   Yellow  or  elastic  fibres   J 
are  deposited  in  the  matrix. 
In  considering  these  four  tuetol 

n  ts  we  may  first    take  the  til  ires, 

.  ;v  the  most  obvious  and 

abundant  of  the  structures  observable. 

Th*      ir/titr    jihrrg.      These     are    ex 

<|uisitely     tine     fibres      collected     into 

Ian  idles    which    have  a   wavy    outline. 

The  bundles  run  in  different  direct  inns. 

forming    an    irregular    network,    the 

meshes      between     which     are     called 

I  .   hence  the  name  areolar.     The 

dividual  fibres  never  branch  Of  join 

other  fibres,  but  they  may  pen  from    QUIB  bundle  to  another. 

On  treatment   with  dilute  ucetie  and    they   beOOKQC  BWoUeU    and 


FiR.  ji>.— Stallfe  Mlwi  of  areolar 
(After  Sctinfer., 
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itidijitinct,   leaving   tin  iieture*  mixed   with  them  inore 

apparent. 

They  are  composed  <»f  the  chemical  substance  called  ootlngtn. 
x   yield  petaAta  :    BOOM   ohflnaiati   regard    collagen 
anhydride  oj  .  but  whether  this  is  so  or  not 

gelatin  is  undoubtedly  derived  ftom  the  colli 

id  like  substance  though  not  a  proteid.     It  belongs  to  the 
claw  of  albuminoid-,.     Its  most  ch  nopertyni  ite  | 

of  jellytag  or  gelatinising  ;  that  ii  Iuble  in  hot  wau 

on  ecNHiog  the  solution  it  sets  into  a  jelly. 

77^  ./>-,<.     These    are   seen 

iv :h lily  after  the  white  fibres  are  rendered  aln 

invisible  by  treatment  with  dilute  noetic  ad 

after  staining  with  magenta,  for  which  they  h 
great  affinity.     They   are  bigger  than   the  white 
fibres,    have    a    distinct    outline,    and    ft   straight 
coarse;  they  run  singly,  branch,  and  join  neigh 
homing  fibres  (fig.  50), 

The  matt  rial  0!  which  the  elastic  fibres  art 

posed  \k  called  Afotftn  ,  this  is  another  albuminoid. 
It  is  unaltered,  u  we  have  seen,  by  dilute  acid* 

It  also  resists  the  action  of  veij  itoong  acid, 
not  affected  by  boiling  water. 

The   bundles  of  white  fibr- >    which    have 
swollen  out  by  dilute  acetic  acid   sometimes  CX* 
hibit  constrictions  as  in  fig.  51.      These  are  due  to 
elastic  fibres  or  cell  processes  encircling  them  and 
preventing  the  swelling  at  those  points. 

CofWMG&ivi  ti'mtue  corpusctrs.     These  are  the  sella 
Of    connective   tissue:    several    varieties    mn\ 
inade    out,    especially    after     a     preparation     has 
l>e en  stained. 

1.  Flattened  cells,  branched,  and  often  united 
by  their  processes,  as  in  the  cornea, 

2.  Flattened  cells,  unbranched,  and  joined  edge 
to  edge  like  the  cells  of  an  epithelium  :  theee  or  well  seen 
in  the  sheath  of  a  tendon, 

3.  Plasma  oellfl  of  Waldeyer,  varying  greatly  in  size  and  form, 
but  not  flattened.     The  protoplasm  is  much  vacuolated. 

4.  Qnmule  cells:   like  plasma  cells,  but  containing  albumin 
granules  (st finable  by  eosin)  instead  of  vacuoles. 

5.  Winder  cells  :   white  blond -corpuscles  which  have  emigrated 
from  the  neighbouring  blood-vessels. 

6.  Pigment  cells:   these  are  seen   in  the  subcutaneous  tissues 


/ 
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Via  si.    a  white 
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.  the  frog;    and   in  the  choroid   coat  of 

eyeball. 

55  shows  a  highly  magnified    view  of  a  small  ptoc 

"  utaneou  oid   illustrates   the   irregular  way  in  which 

the  fibres  and  cells  are  intermixed. 


Fig.  42.— HorimntaZ  preparation  of  the  conM  of 
frog,  stained  in  gold  chloride;  iihowiior  ttfl 
network  of  bnac&ed  ninm  •unjiwrl^  It.. 
ground  nuhntancc  i»  con  ►lourlcss. 

x  400.    (Klein.} 


Fig.  tfc     KumiiW  1  uirmont- 
from  Uu  tissue  of 
the  choroid  coat 

a,  00-11  with 

FSgm*  1  totuiaM 

uniform    «?!!■»      (Kolli- 


-#* 


Fig.  4|.     Flat,  pigmented,  branched  con-  >    ceJl»  from  the  "heath  of  a  large 

1  <vemel  of  the  frog's  mesentery;  the  pigment  in  not  distributed  uniformly  through-- 


out  the  attbetaa f  tin   l&rgei  oeU«  consequently Mime  puisol  it  look  blnokef  than 

utiucted  atate  > ,     In  the  two  mnaller  cell*  HLOKOf  the  pigment  i--  withdrawn 
v  appear  KiiroUei,  Marker,  ami  itm  branched,     x  J50. 
Klein 

Bul  ire  have  still  to  consider  the  undifferentiated  intercellular 
materia]  which  is  called 

mtftuAffcmttf     Tlos  iu;tv  be  represented  in  Bg.  55  by 
the  white  background  i»f  the  paper* 

It    mji    however,    he   ni'ic   readily   seen    in   a    silver   nitrate 
preparation  ;   for  the  intercellular  malarial  has  the  same  pCOpe 
of  reducing  silver  salts  in  the  nutlight  that  the  cement-material 
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the  cosxictivb  nasr 
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of  epithelium  baa.     It  b«*m**  hi  come^enee  dark  Imwii,  with 
the  ei£q*»uci  of  the  *p*t*«  occupied  br  the  corpuscle*. 


Fig.  s6.-  Uruund  Hubetnii 


(he  Soft  h'tttuthhti^  or little  juice  canals.    Areolar  tissue  is  oert&uiij 

provided  with  Mood-vessels,  lmt  the  tissue  elements  are,  as  in  all 

I,  provided  with  nutriment  by  the  exudation  from  the  blood 
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called  ifmpk      The  >  HcAm  enabk  tin    lymph  to  penetrate 

to  ivrrv  |»:ut   ol  the  BJ 


Development  of  Areolar  Tissue* 

Tin  mesoblasttc  oella  in  those  pasts  where  (he  tissue  is  to  be 
formed  become  branched  and  fusiform, 


F%.  57-  -  Portion  of  *ubmucoiiM  tutuo  of  gravid  uteru*  of  tow.    a,  branched  ct*ll«.  more  or 
1«a*  spindle- nhaped  ;  I,  bundle*  of  connective  tueue.    (Klein,) 

18     ultimately    become    the     connective -tissue     cOfpOtt 
and   they  get   more  and   mure   widely   separated  by  intercellular 


Fig.  5A.— Jelly  of  Wbarton.    r,  ramified  cell*  interrominunic&ting  by  tbeir  branchtw.    /,  a 
"  row  of  lymph-*  *1  1  d er«  loping  in  the  ground  imbetance.     ( Han vier. ) 

material,  partly  shed  out  by  the  cells  themselves,  partly  shed  9Ul 
in  the  neighbouring  bloodvessels.  This  becomes  the  ground 
suhstann  The  fibres  form  subsequently  in  this  as  crystals  may 
be  deposited  by  a  liquid.  At  one  time  it  WHS  believed  that  the 
cells  themselves  became  elongated  and  converted  into  fibres.     No 
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■  lo  exerei-  -lling  influence  an  fibre~fom 

in  their  neighbourhood,  bul 

ever  become  Mm  s.     The  fantt&tiOf]  of  tihres  ■  nov  bel: 
intercellular.      Bam  of  tKe  fibra  I  the  wb 


Fig,  so. -Development  of  .-I  a*  tic  tuuw  t>y  deposition  of  one  granule*. 

formed  by   rows  of  elartic  mnul-  tpaiwion  of  elnatic  3u\»Um* 

'  i  una  pa     1 


formed  by  the  fusion  of 


..-!  aiiiiK     iRnnvin-.) 


of  tin-  yellow  v.m«<tv.     In  the  oaae  of  the  etaatie  film 

granule*  of  i'hisi!-i   ftfl    first  deposited  ;  these  joining  together  in 
Mingle  or  multiph  rowfl  form   the  !<>ng  fibres:   traces  of   this  are 
ween  in  tmn>v>  fflM  DOTUngfl  Occasionally  DotieesJbtti   in    the  larger 
tic  fibres. 


This  is  a  kind 

predominate  ;     it 


Fibrous  Tissue. 

»f  connect  h<    tissue  in  which  th< 
is   found  in   tendons  mid  ligament- 


M  ,1  un  white  Hbrouit  tiatue  of  tendon,  <  otimstiiii:  uminly  of  fibres  with  i 
scattered  f uniform 


Ott 


FIBROUS   hssue, 
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riostVUID,  dura   mater,  true  shm,  1  Im-  >rl erotic  coat  of  the  ■ 
mid  in  the  thicker  fuse  he  UX&  aponeuroses  of  muscle. 


FSg,  6t.-CN.twUl  tendon  of  voting  rut,  »ljnwmg  the  ftrrftnfrement,  form,  Nnd  structure  of 
the  tendon  cell*,     x  yon.    (K: 

tissue  is  one  of  great  strength  ;  this  is  conferred  upon  it 
by   the  nent  of    the    fibres.    Hi.    bundles  oJ  which    run 

union     here,    as    efaewhl  I 
giving  strength.     The  fibres  <>f  the 

same  I mndle  now  mid  then  into 
each     other.      The     tells    in     tendinis 

61)  are   forced   to  take    up 
lar  orderly  arrangement,  and  are 
arranged    in    long    chains    in    the 

fane*        v«  |>mi  ;diliLf      th< 

bundles  of  fibres,  and  arc  bum  or 
less  regularly  qnadrilatera]  with  large 
round  nuclei  containing  nucleoli, 
which  are  generally  placed  ho  as  to 
be  imuI  in   two  cells. 

b  of  these  cells  consists  of  a 
thick  body,  from  which  processes 
pass  in  various  directions  into,  and 
partially  fill  up  the  spaces  between, 
the  1 11  tndles  of  fibres.  The  rows 
"\     cells  from    one 

another  by  lines  <>f  cement  8HtMtHll -e. 
The  cells  are  generally    marked   by 
one  or  1 1  jure  lines  or  stripes  when   viewed    longitudinally.      This 
appearance  is  really  produced  by  the  wing-like  processes  of  the 


Fig.  62.— Transverse  section  of  tendon 
from  it  cross  section  of  the  tail  of 
«  rabbit,  showing'  sheath,  fibrous 
M>pta,  ami  bran  iu<  - 

tiwii*'  corpuscles.  The  »pacw 
left  white  m  the  drawing  repre- 
sent the  tendinous  fibres  in  taut** 
venesection,     x  250.    (Klein.) 
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cell,  which  project  away  from  the  chief  part  of  the  oeU 

These  processes  not  beinjj  in  the  same  plane  a*  the 
body  of  the  cell  are  out  of  f<»ciis,  and  gji  nesc  bright 

stripes  when  the  cells  are  looked  '-•  in  foctiH. 


Fig.  63.— Cell  f|*oc«  of  tendon,  brought  into  vi«?w  by  treatment  with  «lvri  mtrmt*. 

The  branched  character  of  the  cells  is  seen  in  fcraoave* 

in  fig.  62. 

The  cell  spaces  in  which  the  cells  lie  are  in  arrangement  like 
the  cells;  they  can  he  brought  into  relief  by  staining  With  silver 
nitrate  (see  fi^r.  63), 

Elastic  Tissue* 

This   is   a    form    of    connective    tissue    in    which    the    yellow  or 

elastic  £biw  predominate.     The  yellow  fibres  are  larger  than  those 

found  in  areolar  tissue  (sec  fig.  64), 
and    are    bound     into     hundl< 
,nvol  .  It    is  found   in  the 

Kgamentnm  uuchie  of  the  ox,  horse, 
and  many  other  animals;  h 
bgamenta  subflavs  of  man;  in  the 
arteries  sad  veins,  constituting  the 
fenestrated  coat  of  Henle  ;  in  the 
lungs  and  trachea  ;  in  the  stylo 
hyoid,  thyro-hyoid,  and  crico-thy- 
roid  ligaments  ;  in  the  true  vocal 
enrds. 

St  r  uc  t  in  r . — El  as  t  i  c  tissue  «>c  c  \  ir* 
iu  various  forms,  from  a  structure 
■  dastic  membrane  to  a  tisane 
whose  chief  constituents  are  bundles 
of  fibres  crossing  each  other  at 
different  angles  1  irhen  seen  in 
bundles  elastic  fibres  are  yellowish 
in  colour,  hut  individual  fibres  are  not  so  distinctly  coloured.      The 


Fig.  I  libra  fi Uinlinn- 

III.  fltJl  RttliHuvu       jt.   aori    (flhl 
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aft 


Fig.  6s.  -Tnuunrewe  tertian  of  a 
portion  of  liff.  nuibu-,  ifaow- 
inur  the  outline  of  the  fibres. 
{Aftor  Stuhr.) 

than  the  fibres  are  moat 


larger  elastic  fibres  arc  often  tmrowaot]  marked,  indicetiog  their 
mode  of  origin  (see  p.  44),  Mid  on  taruisyeru  lectioa  arr  aeon  to 

Elastic  I  \tciisililc  and  elastic  (i,eM  recoiling  after 

been  stretched),  lias  a  most  important  use  in  assisting  mus- 
cular tissue  in  a  mechanical  way,  and  so 
lessening    tie  md   tear  of  such 

tin  important  tissue  as  muscle.  Thus, 
in  the  li^ameuta  snbflava  of  the 
human  vertebral  column  it  assists  in 
the  maintenance  of  the  erect  posture  ; 
in  the  ligament uni  nucha*  in  thf  neck 
of  qoadrapede  ir  in  the  mi 

*>f  ttio  head  and  in  keeping  it  in  that 
position.      In  the  arterial  walls,  and  in 
ail    tubes    and    IdllgB,    it     lias    a 

Hilar  important  action,  as  we  shall 
see  when  diftcnssing  the  subject*  of 
the  circulation  and  respiration. 

DOW  Dome  to  those  ft  inns  of  con- 
nective tissue  in  Whidn  the  cells  rat  her 
prominent. 

Adipose  Tissue. 

Di&rihmtkm* — In   almost    all    regions    of    the   human   body   B 
larger  or  smaller  quantity  of  idip  present  ; 

the  chief  exceptions  being  the  subcu- 
taneous tissue  of  the  eyelids,  penis  and 

•otnm,  the  nympha.\  and  the  cavity 
of  the  cranium.  also 

absent  from  the  substance  of  many 
organs,  as  the  lungs  and  titer. 

Adipose     tissue     is     almost    always 
found    seated    in    areolar    tissue,    and 
forms    in    its    meshes    little    masse  - 
unequal    size   and   irregular  shap> .    to 
which    the   term   /<>t>t</rs   ifl   commonly 

applied. 

<rturt. — ruder     the    microscope 
\w    is    found    to    consist 
essentially  of  little  resides  or  cells  which  present  dark,  sharply - 
derincd    edges   when    viewed    with    transmitted    light:    they  are 
about    ,„ .,    or      ,,    of   ;m    inch   in  diameter;    each   consists  of  a 

Rtoturelees   and   colourless   membrane  or   hag  formed  of   the 


Fig.  66*  -Ordinary  fut~cell»  of  a 
f*ttr»<t  iu  lie  ninentumof  a 

Kin  11.  .1 
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remains  of  the  original  protoplasm  of  tin-  cell, 

matter,  which  is  liquid  during  life,  hut   i*  in   part   noliir 


Fiy.  6;.— Group  of  fat-crila  i >  o]  with  on  pillar?  v 


< Noble  Bmitii.; 


sooaetia*  lliaed)  after  death.     A.  nudeua  is  alwaya  ptttent 

HUM  part  or  other  "I"  the  cell-pTOtoplaAOL,  )mt  in  the  ordinary 
condition  of  the  Cell  It  is  not  easily  or  always  visible  (fig.  67), 


Ftp.  68.— Mood  ve«ela  of  adi|KMie  tiaaue.  a.  Minute  flattened  fat-lobnle,  in 
veaaeh)  only  are  represented,  «,  the  terminal  artery ;  r,  the  primitive  1 
fat- reticle*  of  one  border  of  the  lobule  separately  represented*  X  100.  ft.  Pl«a 
of  the  arrangement  of  the  eapillariett  [e]  on  the  exterior  of  the  vehicle* ;  more  highly 
maguiaed.    (Todd  and  Bowman.) 

Tins  membrane  and  the  nucleus  can  generally  be  broughi 

view    bv   staining  the  tissue:    it  can  lie  still  mor- 
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mated   bj  lug  the  contents  of   the    fafroetls  with 

hen  tin-  -hniiik.il,  shrivelled  membranes  remain  behind. 
By  mutual  pressure,  fat-celU  upiim  ■  polyhedral  figure  (fig.  67)1 
When  stained  with  ramie  acid  fat-cells  appear  blaok. 

The  sells  ere  nnvomidid  by  oapillarj  blood-vessels  (fig,  68); 
little  clusters  thus  formed  ere  grouped  into  small  masses,  and 
held  ne. 

The  oily  mat  1 1 1  contained  in 
com  posed  of   the 
pounds  0!  fatty  acids  with 
cerin,  which  arc  named 
rin,  and  patmU 
Development  of  Adipose 
Tissue.  —  Fat  -cell  B     are     de- 
veloped  from   connective-tissue 
puscles;     coin  tissue 

sells  may  be  found  exhibiting 
inlennedlata    gradation 

between  an  ordinary  connective- 
tissue  OorpPSCtt  and  a  mature 
fat-cell.    The  process  of  develop 

it  is  as  follows  :  a  few  mall 
drops  of  oil  make  their  appear- 
ance in  the  protoplasm  and   by 

r  continence  ■  larger  drop 
is  produ  69  and   70) : 

dually  increases  in 
at  the  expense  of  the  original 
pnitoplasin    of    the    cell,    whirh 
eoiTc-pondiiitfly   dtmi- 
Robed  in  quantity  till  in  the  mature  cell  it  only  fount  V  thin  film, 

with  a  flattened  nueleus  imbedded  in  itt  fig,  66). 

Vessels  and  Nerves. — A  large  number  of  blood-vi 
band  in  adipose  tissue^  which  subdivide  until  each  lobule  of  Fat 

eusbeathtng  each  individual 
fat-cell  (f)g,  68).      Although  nerve  fibres  pans   through  the  tissue, 

no  nerves  love  been  demonstrated  t«>  terminate  in  it. 
The  Uses  of  Adipose  Tissue. — Among  the  uses  of  adipose 

:  — 

'/.   h  i  store  of  combustible  matter  which  may  be 

reabsorbed    into  the   blood  when   occasion  requires,  and,  being 
1  up  in  the  metabolism  of  thi  helps  bo  preserve  the 

>i  the  body. 

h    Tart  Of  thi  Eat   which  Ul  I   hriieath    the  ikhl  must,   ly 

k  v  N 


i  a3i*i  uli- of  dwtloptag  •dipom 

from  un  eight  month-  i  Itvri- 

'  <l   nr.  thim  pit**»uT» 
with 

\»x    p  family  with 

nptuxm 
fat  Umm  bei 
by  oil  of  Similar  colli  *haw- 

injr 
protapkmi    i*   bring    pr?****!    lov 

ttibn j .     U,   Xiwlt  • 
of    mvi*tirm    atpilUrim.      (Mrfii 
Drawn  b]  ]  i 


So 
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it*  nut  of  conducting  power,  assist  in  preventing  undue  waste  of 
the  heat  of  tl.  y  escape  from  the  surface. 

c  As  a  packing  material,  fat  nerves  rcrr  admirably  to  I 
apmoca,  to  form  a  soft  and  yielding  ret  elastic  material  wherewith 
u>  wmp  tender  I  *te  structures,  or  form  a  bed  with  lib 


"Ki-n 


qualities  on  which  such  structural  maj  lie,  not  red  liv 

pressure.  As  examples  of  situations  in  which  fat  serves  audi 
purposes  aaj  be  mentioned  the  palms  of  the  -oles  of 

the  feet  and  the  or! 

(f.    In  tin'  long  bo  tissue,  in  the  form  known  as  yellow 

QUUTOWj  fills  the  medullan  < miL  mi  supports'  the  small  blood- 
roaaels  which  are  distributed  from  it  to  the  inner  part  of  the 
SubstSAOe  of  the  bone. 

Betiform  Tissue, 

I'elifnrm  or  ivth  no   is  a  kind  of  connective   tissue  in 

whieh    lln-   ^roitni]    substance   is  of  more   fluid    Consistency   thatt 


Fig,  71,— Re  Li  form  twain-  from  n  lymphatic  gland,  from  a  section  which 
with  dilute  pohud' 


OR.  0.  C^  FREYERMUTH 
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elsewhere.     There  are  few  or  no  elastic  fibres  in  it,  but  tbfl  « 
fibres  run  iu  very  fine  bundles  forming  fi  close  network.     The 
bandies  are  oorersd  sad  oonoesjed  by  flattened  eunuective-tis*ue 
corpuscles,      When  th>  lissolvsd  hy  dilute  potash,  the  tH 

are  plainly  seen  (fig.  7 1 ). 

Adenoid  or  Lymphoid  Tissue. 

This  la  retiiorm  tissue  in  which  ihe  meshes  ^i  t h » ■  network  are 
ly  occupied  by  lymph  corpuscle*.     These  are  in  certain  foci 
sly   multiplying     they   gel    into  the  lymph  stream,  which 
-  tliL-in  into  tlie  blood,  when  fchej   beoomfl  the  colmu-lcss 


fig-.  *t.— « Part  of  a  nation  of  3  lymphatic*  gland,  from  which  the  corpiweleH  have  be*  I 
the  most  put  removed,  nhomug  the  M-pporling  retifomi  tiMsruc,      Kk-in  and  Noble 
-rmrh.) 

toe*      It  is  bund  in  the  lymphatic  glands,  the  thymus,  the 

in  the  follkuhi  J  ml    >>i   the  tongue,  id  IVyer's  patches, 

and  in  the  solitary  glands  of  the  iniestim •*,  in  the   Malpighiai] 

pUScles  of    the  spleen,  and     under    the  epithelium   of    many 

mm  tnbr&nes, 


Basement  Membranes* 

These  are  homogeneous  in   appearance,  and  are   found  between 

the  epithelium  of  a  mucous  membrane  and  the  subjacent  con- 

t  issue.     They  are  generally  formed  of  flattened  connective 

corpuscles  joined  together  by  their  edges,  bo1  sometimes 

£2 
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tliey  arc  made  of  condensed  ground  substance,  not  of  cells,  aud 
in  other  cases  again  (as  in  the  cornea)  they  are  of  elastic  nature. 


Jelly-like  Connective  Tissue. 

We  have  now  considered  connective  tissues  in  which  fibres  of 
one  or  the  other  kind  predominate,  and  some  in  which  the  cells 

are  in  preponderance.  We 
come  lastly  to  a  form  of 
connective  tissue  in  which 
the  ground  substance  is 
in  excess  of  the  other 
histological  elements.  This 
is  called  jelly-like  connec- 
tive tissue.  The  cells  and 
fibres  scattered  through  it 
are  few  and  far  between. 
It  is  found  largely  in  the 
embryo,  notably  in  the 
Whartonian  jelly,  which 
surrounds  and  protects  the 
blood-vessels  of  the  um- 
bilical cord.  In  the  adult 
it  is  found  in  the  vitreous 
humour  of  the  eye. 
Various  jxiints  in  the  structure  of  the  tissue  are  illustrated  hi 
n>.  58  (p.  43)  and  73. 

The  occurrence  of  large  quantities  of  ground  substances  in 
such  tissues  has  enabled  physiologists  to  examine  its  chemical 
nature.  Its  chief  constituents  are  water,  and  one  or  more 
varieties  of  mucin,  with  traces  of  proteid  and  mineral  salts. 

Tin*  foregoing  tissue*  art*  sometimes  called  the  connective  tissues  proj)cr. 
The  remaining  niciiiliers  of  the  connective-tissue  group  we  shall  reserve  for 
the  next  chapter. 


Fig.  7.J .  Tissue  of  the  jelly  of  Wharton  from 
umbilical  cord,  a,  conn  .vtive-tiasue  cor- 
punclcM  ;  b,  fattciculi  of  connective -tissue 
fibre*  ;  »\  spherical  cells.    (Prey.) 
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CHAPTER   V. 

THE  <<>\NKrM\  h  it  mMmutfy 

:   rilAOE,    ltu\K,    TrETII.    HlAJOh. 

Cartilage. 

popularly  t<  i mod  h  may  be  divided  into 

>  chief  kinds j  Uynltnt  nrftfagw;  here  the  matrii  or  ground 

r  and  free  bom  Rbree  i  Fibro-eartilag*    hot  the 


-.'etton  of  •rticiiUr  oMrtfbge.    ^  pwfl 


■ 


matnv  -ith  oonnective-timiM!  fibrea ;  when  tbem 

of  the   white  variety  fli*a<0rtihg$ }  when 

thej?  are  of  the  yellow  Mr   elastic  variety,  the  tissue   is  fdklB  Off 

Hyaline  Cartilage  ta  found  in  the  following  piaeac  : — 

i     Covering   the    urti<-tihir    end*  of    Unie*  ;    line   it    i»   called 

2,   Forming  the  rib-cartilagea  ;  here  it  «  *fa4  cart 
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3.  The  cartilage^  rerun! 
auditory  meatus,  and  the  greater  numl*er  of  the  laryngeal 
cartilages. 

4.  Tcm[Jornr*/  <"rtit<t<t?  ;  rods  of  cartilage  which  ptefigtU 
majority  of  the  hones  in  process  of  development, 

Art  jf  :  here  the  cells  are  rounded  ttered 

in  groups  of  two  and  four  through  the 
fihrillatefl  .  and  much   tinner  than  th  i -substance 


■ 


v 


1 


L_ 


— —b 


Fig.  75. 


rnui»itJnn&]  <  wrtiliigp,     <>,  t.itthirtiy  c 
with  pruoetw  tfier  8  ha<-r 


but  it  is  affected  in  the  same 


of  the  connective  tissues  proper 
way  with  silver  nitrate. 

In  the  neighbourhood  c »f  synovial  membranes,  the  connective- 
tissue  fibres  of  which  extend  into  the  matrix,  the  cells  are  branched 
(trtmntiondt  eattiloge)  (fig.  75). 

The  in  \t  figure  (fig,  76)  shows  the  general  arrangement  of  the 
cell-groups  in  a  vertical  section  of  articular  cartilage.  Cartilage  is 
free  from  blood-vessels,  and  a'*°  troin  nerves.  It  is  nourished  by 
lymph,  but  canals  connecting  the  cell-spaoes  are  not  evident. 

fat   cartilage  ;  here   the    matrix    is   not    quite   SO   clear,  ami 
the    eel  Is    are   larger,    more    angular,   and    collected     into    I 

nips  than  in  articular  cartilage.     Under  the  periehomki 


(   II     \ 


FIBROCARTI1 


fil*»  ir.im'  which  surrounds   the  rod  of  curtilage,  the  celb 

art*  flattened  and  lie  parallel  to  the  surface  ;  in   the  dcep.-t   | 

a  re     i  rregn  1  arl  y    a  r~ 

ranged  :     they     frequent ly 

fain  hi  (tee  h^.   77). 

Thr    1 1  j  jtrtUages 

,    larynx    and 

trmii  78)  ramnnMin 

Hyaline      cartilage       in 
v    ritoationa     (oQSto), 
1,  tracheal)  sh 
a    tendency     to     boodnta 
calcified  late  in  life. 

On  boiling  the  poaDCtattb  oartilage  yields  a  mat. ml 

IGmbl€fl    gelatin   very   otoaeljr,  and   tbfl 

diflf!  i  its  reactions  are  due  to  the  hot  that  ohondrin  i^ 


OQ. 


Fur  77-— CufUl  tiirtilftjfe  from  no.  adult 
dog,    ■how  bulv    tti    th«* 

<*Ttfl*£©-ecll*     (C«diiii.) 


not  a  rh.auieal   individual,  but  a  mixture  of  gelatin  wttfc  varying 
of  mucin  like  >mkstuii 
White  Fibro- Cartilage  occurs — 

t.  Afl  mm '-irtt'cttf'it  fibroH atuiage — &$.,  the  semilunar  carti- 
lages of  the  kn 

\>  cn<  ,nfit','utnt!  Of  marginal  cartilage,  as  ou  th> 
l-ulum  and  glenoid  cavity. 
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ini;  coxxKrriVK    i 


,,i  ^x-0^ 


matrix. 


7i 


:     \>  connecting  oartilage —  /,  fclie  inter-vert  ehra!  diaca. 

4.    hi  the  alir<ifh<  A  sometimes  in   their  sulh 

In  the  latter  situation  thfl 
!  ile  of  fi bro-eart  1  lage  b 
ml  It'll  a  Mem  moid  nbrocar- 
tila^e,  of  which  :i  specimen 
may  be  found  in  the  t 
of  the  tibia]  us  in 

the   sole  of  the    foot,  and 
usually  iu  the  neighbouring 

t,1,,K'         tendon    of    the    pero 
Kong 

White      til.ro    emtOagi 
(fig.    79)    is  oomfranad  ol 

rells  and  a  matrix.     The 

latter      h      permeated 

librae    of     the     wl 

vnri<  ■ 

In    thin    kind    of    hbr^ 

it     is    not    tin- 

usual    to   find   portions  so 

densely     fibfOUfl     that    on 

oelta  can  be  seen .  but 
in  other  parts  continuous  with  these,  cartilage-oeUfi  aw  freely 
did  ributi 

Yellow  or  Elastic  Fibro- 
Cartllage  is  found  in  tin 
pinna  of  the  external  ear,  in 
the  epiglottis  and  conn* 
laiyngift,  and  111  the  Kustft* 
chirtn  tube. 

The  oellfl  in  this  van< 
cartilage  are  rounded  or  oval, 
with  well-marked  nuclei  ami 
nucleoli  (fig,  80).  The  matrix 
in  Which  they  are  seated  i» 
pervaded  in  all  directfatu 
by  fine  elastic  fibres,  which 
form  an  intricate  interlace- 
inent  about  the  cells:  a 
small  and  variable  quantity 
of  uon  hbrillatcd  hyaline  in 
ilular  Httbitanoe  is  present  around  the  rells. 
Development  of  Cartilage. —  lake  other  cm  meet  iw  ti 


Pig   -,     Whit*  fibni-ort] 


Tiff.  80.— Yellow  elii*tu'  cartilage.    (Cu'lint .) 
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cart  from  meeoblael  ;  the  oelfe  are  ttnteaiiefaed, 

liepoaitioo  of    the  eells   in    fully  formed    cartilage  in 

<i[>*  nf  two,  four,  t->  the  fac*t   that   each   group  has 

originated  fr the  cHrUioi]  o4   i  stogie  cell,  first  into  two,  i 

of  theae  again  into  tun,  and  eo  on-     Tins  prooetfl  of  cell  division 

eompatiied  with  the  usual  karyokiurti<    eliuiiLo-v 

Each  call  depoeil  iheatb  orcapenle;  on 


Fijr  -  c*ll  in  ita<*Mule.      *•,  limited  ml-P 

*Twh  with  u  rnjurnli-.  r,  primary  cM.pm)«  disappeared,  nerondmry  tmpndoi  <  oherent 
with  mutnx.  >t,  tertiary  Amuoft,  ,  RMOO&uy  Qtpcuta  diimppeural,  tertiary  coherent 
with  matrix,     [After  Sharp- 

dmrion  eaob  of  the  daughter-celle  deposits  ipaale  irfthin 

tliix,  ami  the  proem  may  be  repeated  (see  tig,  81). 

Thus    the   cells   gel    inore  mid    mote  separated     Tin 
capsules  form  a  verv  large  part  of  the  matrix,  ami  indications  of 

ir  previous  existence  may  eonifitimei  be  seen  in  fully  formed 
cartilage  by  the  presence  of  faint  concentric  lines around  the  oelh 

In     a    vi  b     found     in     the    ears  of    rats  and 

Called   f'tUul'ti    omfUatft    the  eelta   never    multiply   to  any 

great    «  vtriit.    ind    tiny   arc  only   Separated    by   their  thickened 

■  i  les. 

Htit  in  most  carttlagi  kl-capetilea  will  not  explain  the 
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origin  of  the  whole  matrix,  but  intercellular  material  accumulates 
outside  the  capsules  and  still  further  separates  the  cells. 

By  certain  complicated  methods  of  double  staining  this  twofold 
IHfUinw  of  forma tioii  may  he  shown  very  markedly.  We  have 
seen  that  ehcmdrin  obtained  by  boiling  cartilage  is  really  a 
mixture  of  two  substances  !  0H«  is  a  nuicinoid  material,  and 
comes  from  the  capsules  ;  the  other  is  gelatin,  which  comes  from 
the  rest  of  the  ground  substance  which  is  collagenous.  In  hyaline 
cartilage,  however,  the  collagen  does  not  becomje  pin  ipitated  to 
form  fibres,  hut  in  white  tibm-cartila^e  it  does.  In  yellow  fibro- 
eartilage  the  matrix  is  pervaded  by  a  deposit  of  elastin,  which 
results  in  the  formation  of  a  network  of  elastic  fibres. 


Bone. 

Chunieat  COnpO$i$ic%* — Rone  is  composed  of  rorf  Ay  and  «/, 
matter  in  the  proportion  of  about  67  per  cent,  of  the  former  to 
33  per  cent,  of  the  latter.      The  earthy  matter  is  composed  chiefly 
oi  valrium  pfaep&aie,  but  besides  this,  there  is  a  small  quantity 
(about    1  1    of   the    67   per   cent.)   of    mh-  i/civm 

fitter/iff,  and   ftitiijiitsiittti  f*/io*phate. 

Tbe  animal  matter  is  chiefly  Mitogen^  which  is  converted  into 
tfj'thti  by  boiling. 

The  animal  and  earthy  constituents  of  hone  are  so  hitim. 
blended  and  incorporated  the  one  with  the  other  that  it  is  only 
by  si  were  measures,  as  for  instance  by  a  white  heat  in  one  case 
and  by  the  action  of  concentrated  acids  in  another,  that  they  can 
be  lepcurated.     Their  close  union  too  is  further  shown  by  tie 

that  whetl  by  acids  the  earthy  matter  in  dissolved  out,  or  on  the 
Other  hand  when  tbe  animal  part  is  burnt  out,  the  Bhape  of  the 
bone  is  alike  preserved. 

The  proportion  between  these  two  constituents  of  bone  varies 
slightly  in  different  bonea  in  the  same  individual  and  in  the 
same  lmne  at  different  sgttS. 

StmetoUrt. — To  tlie  naked  eye  there  appear  two  kinds  of  si 
ture  in  different  bones,  and  iii  different  parts  of  the  same  bone, 
namely,  the  >f>ti*(  or  compact,  and  the  tpomjy  or  cancellous  tissue. 
Thus,  in  making  a  longitudinal  section  of  a  long  bone,  as  the 
humerus  or  femur,  the  articular  extremities  are  found  capped  on 
their  surface  by  a  thin  shell  of  compact  bone,  while  their  interior 
is  made  up  of  the  spongy  Or  cancellous  tissue.      Th<  On  the 

other  hand,  is  formed  almost  entirely  of  a  thick  layer  of  the 
pari     bone,    and    this   surrounds  a  central  canal,   tbe    medullary 
cavity — su  called  from  its  containing  the  nmtulfn  or  marrow. 


MARROW. 


59 


In  tliL-  Bill  I'  il  I m >ue  or  the  scapula,  OQC 

««f  tlie  cancellous  structure  lies  between  two  layers  of  the  compact 
nd  in  the  short  and  irregular  hones,  us  those  q|  th- 

and  (4ir*u*%  tta  oaooelknu  tissue  nils  the  Interior,  while  a  thin 
<ct  bone  forma  the  outside. 
Marrow* — -There  arc  two  distinct  varieties  of  outflow — th 
and 

marrow  is  that  variety  \v hi<li  on  upics  the  spaces  in  the 
<  ellous  tissue;  it  is  highly  vascular,  and  thus  ttaintai&fl  the 
nutrition  of  the  spongy  bone,  the  interstices  of  which  it  Mils.  It 
contains  a  few  fat-cells  and  a  large  number  of  marrow  rills,  mam 
of  which  are  undistin^nishable  from  lymphoid  corpuscles,  and  has 
for  a  liasis  a  small  amount  oj  areolar  t issue.     Among  the  cells  are 


.N^-7 


F% .  fta.  -CelU  of  the  red  marrow  of  the  (jruinea-pifr,  highly  itiMinnd.-d      a,  a  large  rell,  the 

ided  into  thTfo  \*\  i  .-in,  the 

in  appranmct  of  being  constricted  Into   i  Dumber  of  vmullt-r 
ouch  I  bQod  trinnt  wll,  or  myeloplaxe,  with  many  nuclei ;  *it  a  xnmlKr  najato- 

plaxp.  with  thrw  nuclei ;  r     t;  proper  c^lla,  of  the  mitrrow.    (  B   A    s.  bite.) 

some  nucleated  ceils  of  the  same  tint  as  coloured  blood-corpuscles. 
There  are  also  a  few    large  celts  with   many   nuclei,  termed  giatU 
or  mi/rlfii'hwe*  (fig,  82). 
Yellow  marrow  tills   the   medullary  cavity  of   long  lxrtnes,  and 
consists  chiefly  of  fat-cells  with  numerous  blood-vessels;   many  of 
also  are  in  every  1  imilar  to  lymphoid  corpuscles. 

From  these  marrow  -ee I  Is,  especially    bhottt  ol  the  red   marrow, 
derived,  shall    presently  see,   large  quantities  of   red 

blood  oorpuBolei. 

Periosteum  and  Nutrient  Blood-vessels. — The  surface*  of 

it    the    pari    covered    with    articular    cartilage,    are 

clothed  bj  a  tough,  fibrous  membrane,  the  pmorteum  .  -\nd  it  is 

from   the   blood-TQWela   which   are  distributed   in  tin's  membrane, 
that    the  bonet,  especially  their  more  compact   tissue,  are  in  great 
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part  «mppiirfl  with  ihh  irishmen  t :  minute  branches  from  tb 
periosteal  vf^wrU  #;fiter  the  little  foramina  on  the  surface  c 
the  bone,  awl  find  their  waj  to  the  Harersian  canals,  to  b 
immediately  described.  The  long  bones  are  supplied  also  by 
pp»jier  nutrient  artery  which,  entering  at  some  part  of  the  sh&l 
ho  aa  to  reach  the  medullary  cavity,  breaks  up  into  branches  fo 
th*  supply  of  the  marrow.  from  which  again  small  vessels  ar 
distributed    to  the  interior  of   the  tone.       fHher  small  blood 


Fig.  Kj.-  Tranaverie  section  of  compact  bony  tissue  (of  humerus).  Three  of  the  Haversiai 
canals  are  seen,  with  their  concentric  rings ;  also  the  lacunie,  with  the  canaticaL 
extending  from  thtin  aerom  the  direction  of  the  lamelbe.  The  Haversian  aperture 
wen;  filled  with  air  and  debris  in  grinding  down  the  section,  and  therefore  appeal 
black  in  the  figure,  which  represents  the  object  as  viewed  with  transmitted  light.  11m 
HaverHmn  system*  an*  so  closely  packed  in  this  section,  that  scarcely  any  i«crrtftf*t 
lainellii*  an-  visible.     .<  150.     (Sharpey.) 

vessels  pierce  the  articular  extremities  for  the  supply  of  the 
cancellous   tissue. 

Mirrosruju'r  Structure  of  linn**. — Notwithstanding  the  differences 
of  arrangement  just  mentioned,  the  structure  of  all  tone  is  found 
under  the  microscope  to  be  essentially  the  same. 

Kxamined  with  a  rather  high  power  its  substance  is  found  to 
contain  a  multitude  of  small  irregular  spaces,  approximately  fusi- 
form in  shape,  called  ltmni<9\  with  very  minute  canals  or  cnnoli 
rufi  leading  from  them,  and  anastomosing  with  similar  little 
prolongations  from  other  lacuna'  (tig.  83).  In  very  thin  layers 
of  tone,  no  other  canals  but  these  may  be  visible ;  but  on 
making  a  transverse  section  of  the  compact  tissue  as  of  a  long 
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)*j\>  ulna,  tin.*  arrangement  shown  in  fig.  83 

Tin  »ed  out  iuto  small  circular  districts,  at  or 

Of  which   is   p  hole,  around  wliich    tfl  BO 

appear*]  losn&ric  layers— the  i*wim'>  and  rono/icv/i  fol- 

lovri  ..nil1  concentric  plan  of  distribution  around  the  small 

centre,  with 
which  indeed  they  com* 

'  >n  in. 1  rugitu 

ciitin'i  antral 

holes    arc  found    to   be 
simply  the  cut  ertrani- 

liesof  small  canal*  whirl  1 
nm  leugthwi 
the  b  Lstomosing 

with  each otherby  lateral 
brunches  (tig.  84);  these 

Jed    1 1  tun 
:l\trV      tllC 

name  of  the  phji 

ton  II  1  vers,  who 
hrst  accurately  descri  bed 
them. 

Tli-      Haversian 
canals,    the    ■  raage 
I     of     which      is 

,  of  an  inch,  contain 
blood-vessels,  and  by 
means  of  them  blood  !■  oouvejed  to  all]  even  the  densest  parts  of 

fl    bone;   the  minute  1  anuliculi  and    lacume   take  up  the   I 

uded   from  the    Haversian    bl 1-vess  els  and  convey   it   to  the 

Itlbsi  the  l*one  which  they  travel 

The  blood  vessels  enter  the  Haversian  canals  both  from  with- 
out, by  traversing  the  small  bolts  which  exist  on  the  surface  of 
nil  holies  beneath  the  periosteum,  and  bom  within  by  cues 
small  channels  which  extend  from   the  medullary  *  r  from 

incellouH    tissue.      The    arteries  and    Veins   usually  occupy 

ite  canals,  and  the  veins,  which  are  the  larger,  often  present) 

t  irregular  into  h  like  dilatations, 

The  lacunae  are  occupied  by  branobed  cells,  which  in  called 

rtiht  of  },an,  wrpu$cb$  (fig,  85},  which  very  elosrly  resemble 

liuan  branched  coanective-tiBsue  corpuscles  1  each  ol  these 

tile   miSSfffi   of   protoplasm    ministers    to    the    nutrition    of   the 


boon  Um  tinm 


->>a  Haversian  canal,  l&cuiut*.  and  canalictili. 


tic 
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(RdUll.) 


$\\}\* 


tbeb  iirwcwH 

ii    u    Mutj     s< rlii mi    ol      hutiMii     trni 


uaum    bone. 


bom  iinukediatrly  surrounding  it*  and  one  lacunar  corpuscle  com 
willi  another,  and  with  its  surrounding  distr; 

with    the    blood-ve 
the  Ml   canal* 

means  of  the  mi 
streams  of  fluent  nutrient 
matter  of  lymph  which 
;>y  the  canaliculi- 
1 1  will  be  seen  from  1 
above  description  that  1 
is  essentially  connective 
tissue,  the  ground-sub- 
stance of  which  is  impreg- 
nated with  lime  salt.-,.  TUr 
bone-corpuscles  with  their 
processes,  occupying  the 
lacuna  and  canali 
correspond  exactly  to  the 
i  nriiR><  Jti  vi  tissue  corpuscles 
lying  in  branched  spaces. 

Lamellae  of  Compact 
Bone. — In  tin    ihrnft  of  s 
long  bona  three  lit--  erf  lamella  can  be  clou 

r.  CircumferentHtl  lamelhe  ;    which 
are  sily  traceable  just  beneath 

the      |  and     around     the 

medullary  cavity,  forming  around  the 
latter  a  series  of  concentric  rings. 
b  little  distance  from  the  medullary 
and  periosteal  surfaces  (in  the  deeper 
portions  of  the  bone)  they  are  more  or 
less  interrupted  by 

:     Haversian    lamella',    which    are 
:  ieally    arranged    around 
Haversian   canals   to   the  number  of 
to  eighteen  around  each. 
V   fnt<r$t$tial  lamella?,  which  con- 
nect t  he  aysfcera  of  Haversian 
filling  tike  spaces  between  them, 
consequently  attaining   their  greatest 
ilerelopofeent    where     tike     Haversian 
SjTteiin  are  few,  ami  *wr  wrrmK 
k  the  kme&e  b  Oifav     If  a 
of  a  bune*  **»  wfecn  tike 


itpw  imm  or 


ja»  wtturihr  <to^c- 
a*tot*ttt*»«ftl 


TW  uhtavAtc 
>  **  [wW  of  the 


cm.  r.] 
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matter  has  been  I   1  *y  acid,  and  examined   \v it  1 1    I    Ugh 

power  0!   the   miomoope,  it  will   he   found  oompo 

»der  fibres  decussating  obliquely,  at  tin-  [w»int^ 

of  1  kfl  if  here  the  fibres  were  Fused  rather  than  woven 

ether  (fig.  S6).     These   are  called  the  kU/srefoainf  fibfw 
they  ooirespond  to  the  white  fibrea  ol  oonneotii 
and  form  the  nkixm  oJ  the  gelatin  obtaiiied  by  boiling  bone, 
hi  many  eases,  as  in  the  parietal  bone,  the  lamellm  are  per- 
ated  bj  tapering  fibre*  called  thi  1  a/Skafj 

n  character 
the  ordinary  white  or 
rarely  the  elastic  fibrous 
rhich   bolt   the 
lamellic 
tier,    ami    may    be 
drawn     out    when     the 
latter  are  torn  asund  t 
I 
ting  fihres  originate 
from  in  grow ring  pr«  »c  esses 
of  the  periosteum,  aud 
in  the  adult  still  retain 
their  connection  with  it. 
Development       of 
Bone. —  From  the  point 
of  vie  rekp- 

ment,  all 

subdivided      into      two 
classes  :— 

(a.)  Those  which  are 
ossified  directly  or  from 
the    first    in    ■    ftbrov 

mtaane     after  wai 
called  the  periosteum     './.,  the  bone*  forming  the  vault  of  tin1 

skull,    pahetal,    frontal,   and    a    certain    portion   of    the  occipital 

! "t         , hose  farm,  pmrkma  to  ossification,  ta  taid  down  in 
hyairm  oaMihpi — e*p.,  humerus,  femur, 

The  process  of  development,  pure  and  simple,  noaj   be  beat 
died  in  bonea  a/Bieh  are  not  preceded  by  cartilage— h',i 

,   jxtnrtnl)  ,    and    witluuit   a   knowledge   of    tins 

process  (ossification  it ■  m  \i   is  impossible  to  understand 

the  much  more  eomplea  Beriei  of  ohangei  through  which  such 
ructurc  as  the  cartilaginous   femur  of  the  tatua  passes  m   its 


I  junel!)**  turn  off  from  *  decalcified  human 
tut  born*  it   (Mime  depth  fan  the  surface, 
r?.  o.  Umellje,  aho*  r  fibres;  K  darker 

part,  where  eeveraJ    lamella*    an  Muperpoaed ; 
retina  fibree,     Aperture*  tbrougrh  which 
perforating  fibre*  had  pawned,  are  eeen  especially 
lower  part,  ■,  a,  of  the  figure,     (Allen 
Thomson.) 


Ci  -!»■■:  ■  L 1    T>*r£*  "CH. 

.•«-.■,..■#•■«;   ■  •  ...•      #f,  '     ■•-'li.LL-     if   "Hit     tof^ll    '  CJaUfiCatioil 

Cnm^ttagu^i  ^i  JUauma**  —  Tut  m-ai-iAZje.  afterwai 
'  r\  v-  •-.»  >- 1 ---■.:..  ■•  •::  ruci  *u-ji  ».  ■•:a  ils  the  pane 
i,     ,.■■»■,•>-..    ■.  i  ..*■.♦-      •    -v     .«"-■-• — u^   ±.-v^tzjm1  fit+rm*,  and 

■••^■•■■.t.    •'    i~ •*.-- -  ,- # --.■ 

V-.-   •.■;>.—:-:*     .*.;♦•"  ^   :..n  .-    ..:    r    ^::^it-rr  r«.r:-Ms  tissue.     1 

■  v-it     :*.;*••   ■  ■.-.••>  ii^T  i-£     r   riir  ±?«il»   with  a  lai 

■  .:.■.'.*•'•  *■'       ■■.-.-:.•.—  .  •     *r-  * . '  *-# .  •••luft  -:£  "which  are  ov 

'•»■,:">  ,w\  •  ■-..  .I-.-.-  -rs  ■.!•.•>.-:  :ry.ttiwfc  :  :;  i*  more  rid 
f  .;.»;■  «.:.  i--.-  ■*;•  .-.-.—  -•_;*.!  -i-r  •■■.jrfr  -Ayer.  It  :>  this*  porti 
*/  • : * »    >  r  .■/*■>-.  il  *•'..■  ■    -?-:_■_! ■<-; *  t-  ■".  t  '.••  '.rj&TLr&i  iii  t he  format i 

'/   V.'.v' 

1:  *  -.'..  <  ■•.»•>  :.•  •-.-=  -sl -.-.-.-.„  •-.•:_:> at>-*a  U  preceded  by 
•  , '  ■»  *ri^  : .  •. :.  •  ■  s.-  . .  &  r.  * ;  . ■:'  *. ':, i*  i^tr—  r  «ijt  and  t hen  spicul 
^r.  ..'j.  lz  .■;.-.  >-  •*-■  'r*  -  M.»'  ?^-  *  LKakT  the  centre  of  the  futi 
t */!.*■,  *v.-r  -, -•  .  -...  :;.v-r:i  -ii-  :•  ir«ri*  the  periphery.  The 
j/fj»j*/;.  '•>;.*.-  -;.!  ..--  .-■■.*:-•>>:  *  r"?»re*  which  are  termed  od< 
'j*ivt*  thr't  •:..-.  *r-  ?A„ir>-*i  >A  h,  -oft  transparent  substau 
KH.\.i'\  'j*it'*j+f.  y.r-j  .:/]  *:,\  >^wer:.  which  calcareous  granules  a 
dej^iv/i.  Th-  r;^r»r*  -L  :h«rir  pr-calcined  *tate  are  likened 
bundle*  of  -. iiiV:  ri^r''1*-  :i**uv.  v.»  which  they  are  similar 
chemical  composition,  "out  from  which  they  differ  in  being  stiff 
and  U'K'.  wavy.  The-  dej*  Mt*>i  ^Taimle*  after  a  time  become 
ijijiu'-rou-.  ;i-.  t'/  iiiipriv.n  tlie  til •!-«>.  and  lx»ny  spicula*  result  I 
th«*  j«iii<:tion  of  the  o»teo- frenetic  tihre-*  and  their  resulting  boi 
iipif:iil«;h  a  nje.«fr.vork  nf  ljnne  i-i  forincl.  The  osteogenetic  fibn 
wU'w.U  iM-foifie  iiidihtinct  a^  calcification  proceeds,  persist  in  tl 
latiH'llic  of  adult  \h>\u:  a*  the  intercrossing  fibres  of  Sharpe 
Tin*  imffffhlast*,  beinjr  in  part  retained  within  the  bony  lave 
iIihh  pro^lncid,  fonn  hone-corpuscles.  On  the  bony  trabecul 
lii>it  formefl,  layiTs  of  osteohlastic  cells  from  the  oisteogenet 
lnyer  of  tin-  periosteum  repeat  the  process  just  de8cril>ed ;  and  j 
this  oeeniH  in  several  thicknesses,  and  also  at  the  edges  of  tl 
npiriili'M  previously  formed,  the  In  me  increases,  both  in  thickne* 
length  and  breadth.  The  process  is  not  completed  by  the  tin 
(he  child  is  horn,  hence  the  fontanelles  or  still  soft  places  on  tl 
heads  of  infants.  Kijr.  88  represents  a  small  piece  of  tl 
jriimiiitf  edge  of  a  parietal  l>one. 

The  hulk  of  the  primitive  spongy  bone  is  in  time  convert* 
into  e« impact  hony  t issue,  with  Haversian  systems.  Those  portioi 
in  the  interior  imt  converted  into  lwme  become  filled  with  the  re 
iimrrnw  of  the  cancellous  tissue. 

OaniUoation  in  Cartilage. — Inder  this  heading,  taking  tfc 


i  ;ui_\  other  long  borne  fui  an  example  ■■  to  consider 

th.<  [irnnri  by  which  the  soli.l  cartilaginous  rod  which  ' 

is  is  converted  into  the  bottom  cylinder  of 

i.'iOuJ   :n   r     |ni|JC    With     L'\|Ullnle<l  Uinl    "f    rulH'«<UnHS     H.HMH 

irbicfa  tbe  adult  bono  in  made  up*     We  must  bear  in  mind  the 
that  this  foot  -     >us  femur  is  many  timet  smaller  tfc 

n  the   medullary  cavit)   of   tlir  shaft  of  the  mature  huiic,  and, 

re,  that  n<  of  the  original  cartilage  can  •  ■•■  present 


Part  or  the  growing  edg<  lopin*  tutrictaJ  bone  of  *  fu-ttil  (tit 

-.bburt*  imbedded  in  them,  producing  the  inrum*' ; 


*r. 


-t/^jpnnie  fibres  pnrtoniriny  the  «piculei  with  untonluW - 
-d  to  them.      CJ.  Lawtvi 


in  the  femur  of  tin  adult,     Its  purpose  is  indeed   purely  tern- 
:,  after  its  i-iilcirieutinn,  it  is  gradually  and  entirely 

.mm*  rod  which  forms  the  pr<  of  a  fosta]  long 

bone  is  sheathed  in  a  membrane  termed  the  perirhowfrium,  which 

rabies  the  periosteum  described  above     it  consists  «»f 

seper  one  »»t'  which  spberodal  ;»n<l  branched 

te  and  blood-vessels  abound,  while  the  outer  layer 

mainly  of  fibr 

rtilaginous  prefigttrenaent  of  which  the 

l1 . 


I 


B 


,  !i      [||  fJin  |<«1|llt<    "I    II  ■" 

in .pimithi'i-bymli.-ttM  a  ittix 

I    Mint.  :    tin 

t,  inn,    n    |»yi  i   m1  hi  m  i     b)    v  hi 

„<i      i  h>  ii. w »  of  eortilaifwlw 

II   nil -1l     M<    "1  th-    (1'iitn    ■■!    i 

U..n      [it   V  'i hihuknx,  Ihiihitvig^ 

ittm  IMxey.) 


conveniently 
occorr.    . 
three  principal  stages. 

Tlr  .* r*t    wtnge    COittisU 
ol  two  sets  of  changes,  one 
in  the  cartilage,  the 
under  the    perichondrium. 
These   take  place  si«3 

In  the  cartitage  the 
cells    in    the    middle*    ie- 
come  enlarged  and  separated 
from  one  another.    The  car* 
triage-cells  on  each  si<: 
arranged    in    rows    in  thr 
direction  of  the  extrei 
ne    cartilaginous 
If  at  this  stage  one  cuts 
the  little  en  it 
with  a  knife,  the  kui> 
counters     regis  tat 
there     is     h 

\\w<  if   lue  to 
the   Eaet    thai    0 
particle*  are    deposited   in 

matrix  :   and  in  I 
queooe  »>f  this  the  inntrii 
itlv  with  In- 
tologica]  reagents  fron 
unaltered  matrix, 
taneouslj    with    this,    the 
peril 

Layer  after   layer  uf   true 
hone  ;  this  is  formed  be 
in    the    same    way    as   in 

•  This  is  the 
el  1 1  ibe  h  ■•■ 
termmaJ  i 
ore  ins  tii- 
Imt  at  their  distal  eatren 


I     01      BONK. 


6; 


the  u^eney  r»f   the  Oflteobl 
oeteo^enic  fibres,  and  then  spicules  of  b              Formed  bydep 
of  i  \m  the  l;»  10 (  tin" 

osteoblasts   get    u;ill.c|    n  |    1 1 1 •  •    h\..-rs,  ami    become    I 

In  the  1:  17 n  depoeil  bed 

la  cuts  tin  mi   nutrition,  nod  they  in  com 


... ..run  4 ■rtOi  .  -.lugeof  innnli>»n.     The  shrunken cartiluv 

•re  otco,  in  th«  primary    m  ,.|  -      a-        mi  ii  raption  ol  the  subperictitea]  licnie  hju 
!    r  i  ^teal  bun j-  cra«t.      After  L*HT 

iste,  leaving  apaoeti  fcbat  are  called  the  primary  tweakx, 
lepoelfl  oreepe  up  between  kibe  irtilago- 

uelosillg   them   in   oalcified   b0X6a  contain  in-   one,    twit,  or 

ttore  celli  aacb.     The  wasting  of  the  oqUb  leads  here  also  to  Ike 
flormatkm  ol  primary  areotae. 

\\«  ma]  roughly  compare  the  two  ieti  ol  oella  engaged  ha  the 
pn»ee88  u*  two  ram  of  settlers  in  ;<  new  country.  The  cartilage* 
oella  ute  one  race,  and  -fully  build  for  themselves 

oaloareotM  homea  a>>  bo  be  completely  boxed  up;  ft  they  v. 

i  i 
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the  coxsErrr 


and  disappear,  leav  the  walls  of  their  bom 

Spaces  called  primary  areolae.     The 

under  the  perichondrium,  are  forming  ione  in 

ituatiou.     Some,  it  is  true,  get  walled  in  in  the  process*  and 
isrfes,   hut   tli  of    iut«  roHnnnnucatiag 

lacume  and  canalieuli  maintain*  their  outfit* 

These  two  races  are  working  side 
interfere  with  each  other.      But  soon  comes  B  declaratiou  of  war, 
and  we  enter  upon  the  §eea\  i,  which 

appropriately  oallsd  th  <>o).      Br 

occur  in  the  bony  wall  which  f 
girdle  round  the  calcifying  and  through  those  the  peri- 

choiidrial  tissue  pOttf*  an  invading  arinv  into  the  calcirk 

This  consists  of  tmfeoUatia,  the  bone  formers  ;  otl 
boas  destroyers;  the  latter  are  targe  ceils,  similar 
plaxes  found  in  marrow  (fijg  There  sic  nhiv-, 

and  a  store  of  nutrient  supply  in  the  shape  of  Uood-veStt 

Hu\  inside,  the  oefc  set  to  work  to  demolish  the 

of  the  cartflage-oelia,  the  walls  of  the  primary  areolae,  anil 

thus  huge  spac  irmed,  which  are  called  the  m  treat*, 

or  the  meduUtW]  <Jn  the  ruins  of  the  calcified  eartil 

osteoblasts    proceed   to  deposit   true   hour   in   layers  just     i 
were  wont  to  do  in  their  OWU  country,  tuider  the  periosteum. 

7%t  third $t&  nrttttnfi  is  a  repetition  of  the*c  iwm  -:.i~_ . - 

towards  the  extremities  of  the  cartilage.     The  oartilage-celb  get 
Battened  and  arranged  in  rows;  calcareous  d<  |  on  around 

these,  and  primary  areohe  result  ;    then  follows  tfae  advance  of  the 
subperiosteal   tissue,   the  demolition  of  the  primary  areol 
formation  of  secondary  aredse,  sad  tin   deposit  of  true  bow 
the  same  time,  layer  upon  layer  is  still  being  deposited   b 
the  periosteum,  and  these,  from  being  at  first  S  mere  girdle  round 
the  waist  of  the  hone,  now  extend  towards  its  extremir 
The  next  figure  (fig,  o  i )  is  s  magnified  view  of  the  line  -  •!  sdi 
The  bone  which  is  first  formed  is  less  regularly  lamellar 
that  of  the  adult.     The  lamella  are  not  deposited  till  after  birth, 
and    their  formation   is  preceded  by  a  considerable  amount  of 
1-tion.      To  carry  our  simile  further,  the  osteoblasts  are  not 
satisfied  with  the  rough  constructions  that  they  were  fir>t  able  to 
.  but  having  exterminated  the  cartilage,  they  destroy  (again 
through  the  agency  of  the  regiment  of  giant  osteoclasts)  their 
first  work,  and    build  regular  lam  el  he,   leaving  lacunae    for  the 
liiodatinu  of  those  who  desire  to  retire  from  active  war 
At  tout  this  time,  too,  the  marrow  cavity   ie  formed   by  tin 
ion  of  the  bouj  tissue  that  originally  occupied  the  eenjtej 


.   !1      V 
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of  the  shaft     Hero  ti<  lasts  have  again  to  do  the  vorlc, 

uth  this  tn»^l  HOt  Of  destruction,  all  remains  of  any  calcified 
cartilage  of  tin-  fatal  bone  entirely  disappear. 

The  formation  ->f  i  go-oaUed  oartttage  bone  is  thus,  after  all,  p 
of  bone  by  subperiosteal 
ttsa\i<  o  ealled      ^  ^  i?  &    ^  <&  M  * 

i  brane  i»one. 
After  i  time  the  cartilage  at  the 
ends  of  the  shaft  begins  to  ossify 
independently,    and    the    epiphyses 
are   formed*      They   are    not    y 
oil  to  the  shaft  till  late  in  lit 
that  growth  of  the  bone  in  length 
itlmie  till  union  takes  place. 
Bom  in     width    by    the 

on  of  layois  under  the  pertoe 
m,  like  ittooeeeive  rings  formed 
ler  the  bark  ol 

-  was  shown   long   before   the 
bjatdogioaj  details  which  w*  have 

d  irere  made  out  bj  Sbai 
Silv  were  plated   by   Ihiha- 

md   around   the   bones   of   yonng 

When    killed    later,    the 

covered  in  by 

bone  ;   and   in   the   animals  killed 

en  found  in  the  central 

cavity.      Anotlu-r  of    experi- 

ments with  pige  srai  made  by  the 
eelebtmted  John  Hunter.  The yonng 
animals  were  fed  alternately  on 
ordinary  food  and  food  dyed  by  the 
aadder.    The  new  bony 

tissue   act*  like  what  dyers  called  a  "  mordant  n  :   it  fixes  the  dye, 
and   the  rings  of  Inine  deposited  during  the  madder  periodf 
ictly  red  in  rolour. 
The  importance  of  the   periosteum   in  bone  formatiou  is  DOW 
When  removing  ■  bone  they 

are  careful,  if  possible,  bo  leave  the  periosteum  tohind  :  this  leads 
to  regeneration  of  the  lost  bone.  If  it  is  absolutely  necessary  to 
ramore   the   p  ,  successful  cases  have  occurred  in  which 

the     living     periosteum     from    an    animal    ban    effectively    been 
iplanted. 


longitudinal  Motion  itt  o**t- 
lying  cartilage.  Calcified  trabecule 
are  Men  extending  between  tfea 
column*  "f  mrtiliigv-eellii,  <-t  car- 
talag*  fldlw ;  '.  secondary  uro>la», 
Shnfpaf.j 


TOR 


The  Teeth. 


he  course  of  his  life,  man,  in  common  with  most  oilier 
mammals,  in  provided  with  two  seta  of  teeth  ;  the  first  set,  oil 
11m    tasj  :>   apfiearance   in   inf* 

and  is  in   the  cour* 
a  few    rears  ahed  and 
replaced  bv  the  second 
or  furrmanen* 

temporary  or 
milk-teeth.    hare 
a  very  limited  ter 

t-XJStt 

They  are  ten  in  num- 
ber in  each  jaw,  namely, 
ou  either  side  from  tin1 
le  line  two  incison, 
one  caninr,  and  two  de- 
ciduous molftr*,  and  are 
repla«  m  perma- 

nent teeth.     The  anm- 
f  permanent  teeth 
in  each  ji 
incftiUfn  1  I 
the  »level  op  m  eat  of  tb  ree 
ara  on  each  aide  of  the  jaw,  which  1   the  permanent 

or  true  molars. 

TK.     following    i '-'trm ula  shows,   at   a   glance,   tin     comparative 
arrangement  and  number  of  the  temporary  and  permanent  teeth  :— 


-Normal  w<41-fornM!<d  j«w».  from  wlnrh   the 
olar  plate  hit*  \***i  in  grmt  fmrt  removed,  m 

a*  to  ezpoae  the    : 

Uwir  crypt*  in  the  jsww.     iTomra.) 


Temporary  Teeth. 

Minoir  Ltne  or  Jaw, 


Casus, 

I 


2 


txnaoiiA. 

2 


'    AMNK 

I 


MoLAS*. 

2=IO 


=  20 


Permanent  Teeth. 

Midi,  i  Taw. 


OK  PUR-  CAMS*. 

HOLAVA. 

2  I 


2 


its.      CASijrw. 
2  I 


2=IO 


OS  PUR. 

KoLAMft. 

2 


TNK    TEKTH. 


From  bhifl  formula  it  will  be  seen  that  the  two  bicuspid  09 
mol;  hilt  are  the  successor*  of  the  two  deciduous 

molar*   in   the  child.      They  differ  from   them,  however,  in   some 
respect*,  tie  having  a  stronger  likeness  to  the 

permanent   than    to   their    immediate    descendants    the    so-called 
OOCUpjfalg  more  spare  in  the  jaws. 

Tin   temporal  i  canines  differ  from  (h<  ir  sttcceaaon 

hut  little  except  In  their  smaller  size  and  the  abrupt  manner  id 
which  their  enamel  termin ates  at  t ho  necks  of  the  teeth,  forming 
t  ridge  >r  thick  edge.     Their  oolour  ie  more  of  a  bluish  whifc 

than  of  u  yellowish  shade. 

The  following  tables  show  the  of  rinptinu  of  the 

Temporary  and    iVrrnanent  teeth.       In  both  eases  the  eruption  of 
-iv.  u   tooth   of  the   lower   precedes,    as   a   rule,   that  of   tin 
oorreaponding  tooth  of  the  upper  jaw. 


Temporary  or  Milk  Teeth. 

•-  months  the  age  tti  which  eeofa  tool 


MCRMJOOI 

MGLAtS. 


iS 


Permanent  Teeth, 
b  Itoth  ii  cut  Is  indicated  in  tins  Ubk  in  years. 


n**T 


<  EX THAI  A      LATen.\L* 


in*  om  p*r,- 

MOLARH. 
FIRST.  ^K 


Hero  Nu 

MOI-ABS. 


TlliUI- 
Uol.AM  OlJ 
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The  times  of  eruption  given  in  the  above  tables  are  only 
approximate  ;   the  limits  of  normal  variation  being  tolerably  wide. 

■lain  diseases  affecting  tin  bony  skeleton,  r-.,/..  Rickets,  retard 
the  eruptive  period  considerably. 

It    is  important  to  notice  that    it    is  I  molar  which  is  the  first 

lie  rut  in    the   permanent  dentition,  no4    Ul    ineifiQff  as  in 

the  esse  of  the  temporary  set*  and  also  that  it  Appears  behind  the 

idllOUfl  molar  OS]  I MM ."h  ^ide. 
The  third  molars,  often  called  FTtftfam*,arQ  soinetiun  B  tUH  mphd 
•ugh  life  from  want  of  sufficient  jaw  space  and  the  presence  of 


:- 


nn 


■  Hut  teeth     oases  of  whole  families  in  which  their 
a  characteristic  feature  are  occasionally  met  with. 

When  the  teeth  are  fully  erupted   it  will    he  observed    thl 
upper  incisors  and  canines  project  ohliqw 

teeth  ami  the  external  cusps  of  the  tapper  btCUSptdf  lar*  lie 

Crtttsid«  those  of  the  DOrresporjding    t .t*t h  in  the  lower  jaw,      Tii: 
arrangement   alloi  te  extent  of  a  seissor-lik' 

dividing  and  biting  food  in  the  ease  of  incisoi  _  rindinj: 

motion  in  that  of  the  bicuspids  and  molars  when  th>  side  to  side 
movement-  ot  the  bower  jaw  bring  the  external  cusps  of  the  lower 
teeth  into  direel  articulation  with  those  of  the  upper,  anil  tfaeo 
them  to  glide  down  the  inclined  surface*  of  the  external 
and  up  the  interna]  cusps  of  tl  upper  teeth  during  the 

rieaiiini. 

The  work  of  the  canine  teeth  hi  man  is  similar  to  that  of  ah 
its.  Besides  being  I  rmly  implanted  booth  and 
stronger  substance  than  the  others,  the  oanine  loath  ie  important 
in  preferring  the  shape  of  the  angle  of  tin-  mouth,  and  by  ita 
shape,  whether  pointed  or  hlunt,  long  or  abort,  it  beoomei  i 
l  liar  leter  tooth   of  tiie  dentition  as   a    whole   in   both    males  ami 

leiii;»l>- 

Another  feature  in  the  fully  developed  and  properly  artic 
teeth  it  thai  oo  two  teeth  oppose  each  other  only,  b 
tooth  ia  in  opposition  with  two,  except  the  upper  VI  usuallj 

11  tOOth.  This  is  the  result  of  the  greater  width  of  tW 
upper  incisors,  which  so  arranges  the  "bite15  of  the  other  teeth 
that  the  lower  eanine  closes  in  front  of  the  upper  one. 

Should    a    tooth    he  lost,  therefore,  it  does   not    follow  tl. 

former  opponent  remaining  in  the  month  is  rendered  usei- 

y  liable  to  be  removed  from  the  jaw  by  ;«  gradual  ptooea 

of  extrusion cominord y  seen  in  teeth  that  have  no  work  to  perioral 
aeon  oi  absence  of  antagonists. 


Structure  of  a  Tooth, 

A  tooth  is  generally  described  as  posses* 
root* 

The  eram  is  the  portion  which  projects  beyond  the  level  of  die 
gum.     The  tteek  is  that  constricted  portion  just  below  the 
which  is  embraced  by  the  free  edges  of  the  gum,  and  ttu 
includes  all  helow  this. 

<>n   making    longitudinal    and  transverse  sections  through  ita 
93,  94),  a  tooth  is  found  to  be  oompoaed  of 
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i  is  moulded  Around  a  central  ev?ity 
irbicb  remnblaa  fthap*  tUr  outline  of  thetootb;  the 


Fig.  OJ,—  A.  I  -oetian  of  a  bUBMQ  BkOUf  tWh  ;  e,  tvxnrnt  ,  */,  & 

*t  com 
n,  TmOKTcmc  *.<<-tfon.     t  ■  -  in  %f 


Dfiktinc. 


UNflD 
""     of  ttlvt'olux. 


F%,  94.— Premolar  tooth  of  cat  <*  rim, 


fttlf  cavity  from  its  cutitnmmg 
vjuvMiUr  an<i  *ensittre  pulp. 

n  ts  composed  of  loose  connective   tissue.  \ 
vet*  id  buye  number*  of  cell*  of  varying  shapes, 

(uniform,  *tt'llateT  and  on  th*  surface  in  close  connection  wttk 

♦♦IK  railed  o*  \\   art 

•  ►king    eelU  with    a  Urge    ni: 
toper  farthest  from  the  *fn$t 

"I-vessels  ami  enter  the  pulp  ti  snml] 

root.      The  exact  termiiiA- 
4  tiv  not  d«  known.     They  ha-. 


fig,  95.— flection  ne  and  cement  from  the  mi<Mlc  of  th- 

;Tj, ,.   ,  !,,.,(!,      ■ .  (j-  .,•  1',  ..i  tti  ,„]  i  -  :;i  i  .1  ii  j  fag  inj.i  h  nnJiMting,  knm  of  them  in  Am 

the  cement   with  Dtuner 
OBBftiieuIi  ;  e,  outer  lay  ,  Isooaa  ;  ft  tourIjouIi 


been  tttCT  the  di utinal    I  Vn  lymphatics 

been  imp  i>>  the  pulp. 

A  laver  of  very  hard  calcareous  matter,  the  'tt'iwf, 
f.riif  of  tin-  dentine  which  projects  beyond  the  level  of  the  gum; 
while  sheathing  the  p>rtion  ei"  dentine  which  u  beneath  th< 
of  the  gum,  is  a  layer  of  true  bone,  called  the  cement 
I*  ft 

At  the  neok  of  the  tooth,  where  the  enamel  tod  cement  come 
intn  r-  kch  ib  reduced  to  an  exceedingly  thin  layer;  the 

1 1  ment  overlapping  tin*  enamel  and  being  prolonged  over  it.  On 
the  surface  of  the  crown  of  the  tooth,  when  it  first  com 

the  jaw,  tea  thin  membrane  called  Xtrnmyth'x  mrmhraney  or  the 
rutah  of  the  tooth.  The  covering  of  enamel  becomes  thicker 
towards  the  crown,  and  the  cement  towards  the  lower  etui  or  iipt«x 
i»f  the  root 

Ih  niim  ox  I 
Chmfitetf    oompotition.-    Dentine    closely   resembles    boit 
ohemical   composition.      It  contains,  however,  rather  less  animal 
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the  proportion  in  I  hundred  parte  being  about   twenty^ 

eight    animal   to   seventy-two  of  «wtey,     The   former,  like  the 

r  of  bone,  may  be  converted  Into  gelatin  by  bailing. 

It  i  •  una  i  timet  of  fat.     Tin-  earth;  matte  ifl  made  up 

fJi'tx/tit'tft s,  with  a  email  portion  ol  the  atffonattf, 

rod  trues  of  oofenMN  fluoride  and  ttutgnetiuin  phosphate, 

lure.     Under  the  mioroeoope  dentine  ii  o  be  finely 

mnelled  by  »  multitude  of  delicate  tubes,  which  by  their  Lunar 
le  eotnmnntaate  with  the  pulp^eavity,  and  by  their  outer  ex- 
tremities coin--  into  i-ont ai 't  with  the  under  part  of  the  enamel  and 
i  s  even  penetrate  them  for  a  greater  or  lets 

gg.  Q5,  97),      The   matrix    in  which    these  tubes   He   is 


1  prion**     A,  fragment*  and  tingle  nri*m*  of  the  tr*n* 
tiy  the  action  of  hydrochloric  add.    B,  surface  of  a  - 
of  etuuml,  »hnwmj?  the  hexagonal  end*  of  the  flhrvn  with  darker  centre*. 


X  35°. 


tpoeed  "i  *  a  reticulum  of  Iiik1  fibree  of  connective  tissue  modi- 
fied by  calcification,  and  where  thai  pro  oomplete,  entirely 

hidden  by  the  densely  deposited  lime  suits"  (Mummery). 

Id  their  course  front  the  pulp  cavity  to  the  surface,  the  minute 
tubes  form  gentle  and  nearly  parallel  curves  ami  divide  and  EvUh 
divide  dichotomouely,  but  without  much  leaaening  of  their  calibre 
until  they  approach  their  peripheral  termination. 

From  their  sides  proceed  other  exceedingly  minute  secondary 
canals,  which  extend  into  tlie  dentine  between  the  tubules  and 
anaHtinimsi;  with  each  other.  The  tubules  <>f  the  dentine,  the 
average  diameter  of  which  at  their  inner  and  larger  extremity  is 
T*W  °f  an  inehi  contain  fine  prolongations  from   the  tooth-pulp, 


Mb  *■*!*«  if  (be 


—  The   cvm 
bj  far  t  b*  baldest  tiame  in  Ux> 
l#*i  j.  w  i  iMjiiMui  of  tbe 

of  demise  and  Vnoe.      Its  animal  n 

bMvrTer,  amount*  rmlt  to  abo' 
per  rruu,  soil  <loe»  utit  vteld  gelatin  no 
Accenting  to  Tomes  it  contain* 
no  lainil  matter  at  aiL  Gelatin  ia  a 
cbaractertstk  product  <«f  connective  time, 
and  enamel  la  not  a  cut 
it  epithelial  in  ori_ 

Kiainii  ,;iilU'l 

is  found  composed  of  ail 
9°»    97)   i»Vo  of  *n    inch    in 

h  are  act  on  end  on  the  surface  of  tin 
dentine,  and  t  rrwaymdiog  deprfl* 

I  in  the  same* 
They  radiate  in  Mich  a  manner  from  iW 
top  of  the  tooth  they  are  more  or  less  vertical, 
vMA    tOWOftifl    tbe  aides    they    r  *  -  t  ■  - 1    to   the  horizontal    dire 
ir«  tubulea,  they  are  n  lit,  but  dispov 

oil   pArmtlel  entfAt.     The  prisma  an  d  by  tnUXJTetW 

mm  I  are  nuliij. 
Tl name!   priame    <re  connected  together  by  a  vet] 


rn    v  : 
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quantity      of       hyaline 

cement   withstand,     hi 

i  the 

the 

prisms,  arc  often  small 
latum* .  wbfah  have  the 

peeoi  or  fibrils  lying 
in  the  dentinal  tul 
« .-oimeetinu     with     them 

97*  ^ 

The  rntstn  ptlnxa,  ny 

I    d    tTU(    hone, 
ainJ  in  il  aw  laGtim 

and  oanalieuli  <</),  which 

immunicato 

With     the     outer    finely 

shad  ends  of  the 
dentinal    tubules,    and 

rally  with  the  inter- 
globular Its 
lamltue  are  bolted  i<> 
gather    by    rj 

like      tho» 

ordinary  bone  (Shar- 
Cement 
differ*  from  ordinary 
bone  in  pflwmnB?nfl  no 
Haversian  canals,  or, 
if  at   all,  only  in   the 

thickest       part 

ptnah  dor   often 

\ith  in  teeth  with 

the    cement     bypertro- 

phied  than  in  the  normal 

tooth. 


Pig.  uA,    Beotion  oi  the  upper  jawed  ■  tote]  - 
A.—  i,  QHMRQfl  HE*ff¥?  genu  dippfa 
the  mwmu  membrane;    2,   \ 
jaw  ;  n  rimilai  to  A, 

but  paming  through  one  of  the  special  - 
arfrin-  bete  becoming  (U^k-ahaped  :  r,  e'.<  pithe- 
liiuii  f »f  rrmulh  ;  /,  nwk ;  «\  body  of  RMGral 
wianjt-l  germ.  C,  v  later  stage;  <%  outtuu  "t 
t-iiittn-lium  uf  injui ,  f%  m.  k  *>(  "tiMmel  ^nii  ; 
r,  eituiiu'l  ij'illa;  #t  dental  fen 

ing;  /*>,  (he  ••wunel  germ  of  perrnnrietit   t*K>th  -, 

und  KfiUfll 


Development  of  the  Teeth. 

The  fawl  itep  in  the  development  <>f  the  teeth  oonswte  in  i 
downward  ^ r< » vv  1 1 1  (fig,  98,  \,  i)  from  the  deeper  layer  of  stratified 
epithelium  of  the  muooue  membrane  of  the  mouth,  which  firei 


ta  the  peifjMawiriawmi  of  the  maxilla?  or  jn* . 
is  the  worn  uf  Cm  Motion.     Tim  process  paaqe*  down 
a  tweasi  of  the  nwpeef  eelJy  developed  tissue  of  the  ear 
The  downward  epithelial  growth  farms  the 
»#r  demtai  perm,  sad  its  pnsftJnn  is  indicated  by  a  slight 
lbs  smyaws  lasaabraot  fif  the  jaw.     The  next  :  he  proms 

the  elooewtion  downward  of  the  i  e  sad 

of  the  enamel  germ  sod  the  inclination  outward  deeper 

which  is  now  inclined  at  an   augle  with  tlK 
•r  neck  i.r\  and  has  become  bulbous, 
there  is  an  increased  development  at  certain  punts  eon 

M  of  the  future  milk-teeth.     The  oramrHOn  enamel 
germ  thus  becomes  eiteoded  by  further  growth  int'j  a  number 

of   special    enamel 
faspotwiSng    to   sai 
above-men  t  toned  milk 
teeth,  and  comic 
^.;*i--  gfcQ       com  1 1 

t^VrlV ''aVvK  *3MpT  nt*ck.      Each  tooth  i> 

»m r\^*>mf  m  WMi  ■■  c         placed    in    its   ov 
|M  1  $  *T  i  *  f     *  if  P  ^jp  recess  in  the  embryonic  jaw 

T        *^  j      -^^^r*^^^  ^h   tlM-s*:    change* 

ceed,  tit 
the  underlying 
tissue    into    each    enamel 

gl  i-m    (fig, 

tinct  vascular  papiMa 
tal  papilla^   and    upon  it 
the  enamel    gSRD    beo 
moulded,  and  presents  the 
appearance    of    a    caj 
tWO  layew  Of  epithelium  separated  by  an  interval  (tig.  98, 
W 'In Is!    pari    Of  the  subepithelial    tissue  is  elevated   to   form   thf 

dental    papilla,    the   part    which   hounds   the   embryonic 
form*    the  dental    sac   (liu>  08,  c,  $)  ;    and    the    rudiment   of  the 

up   processes   forming   partitions  between   the 
In   this  way  rami]   chambers  are  produced  in   which  the   i 
shs  mh'  eontaini'd,  and   thus   tin   socketa  of  the  teeth  are  formed 
The  papilla  is  composed  of  nucleated  cells  arranged  in  a 
work,  the  outer  or  peripheral  part  being  covered  with  a  la\ 
columnar  nucleated  cells  called  fxlonioUasts.     The  odontoblast* 
form  the  dentine,  while  the  remainder  of  the  papilla  forms  the 
tooth  pulp. 


f 
rig.  w 


Itfptag  1 


In  tli'iiii  iimirriiti*xi,  *r>  rmtei 


f. inn.  il  J-ntiru-:  / ,  unralcifled  matrix 
IuIbh  of  culcawou*  matter 
1  the  c*l<  lll<  'i  pa 
tiHf  totucrmmm    Into   \hv    dunttoe;    d, 

\  *tf<1lute  c*»ll*  ofpulpinflhrou* 
< "Miiri-tiw  tiMiit.  TheaeotioQ  u  ffttfaed  \\jtli 
1  urmioB,  whlrh  mlnum  Ho-  tinralciffod  mniri* 
hut  not  Uk  ndi'iritMi  pure    (K.  A,  Bchlftr.) 


ELOPHBKt    OF    TEETH 

The  method  of  fche/ormation  qf  f&<  dotJfa*  by  the  odontoblasts 

is  gh  iy  as  follows  : — 

These  cells  cither  by  leoretaoiu  ui  think   by  direct 

osfonnatao  outer  pail  of  each,  form  i  dentinal 

inatnv     OO    tbfl   apex    of    the    papilla,   or  if  the   tooth    has  more 
than  one  cusp,  then   at    the   apex    of   each    cusp.      Tbk    liver   is 
Loaleified   (ocfoniopm),  but   globules   of   calcareous  matter 
soon  appear  in  it.       TL 

inlng  iu->iv  tnimennia, 
blend  into  the  Hrst  rap  <>f 
dentine.  In  the  mean 
wln!>  -  have 

formed  a  second   lay* 
odontqgen  wit  bin  this 
99),   and    this  in   turn    L 
deified  5  thus  layer 

after  lav  it  i*  funned,  each 
hthIIv  further 
thin  its  predecessor  j  the 
layers  blend  except  in  some 
here  portions  of 
odontogen  remain,  which 
in    a    tooth  I    for 

histological     purp 
destroyed,   and   appear  as 
th<       vrUtrylobuloA 

,  bo  called  because 

bounded  by  the  deposit  of 

,    n  which 

is  we  have  alre.nlv 

■eeu,intlu  farm  of  globules. 

As  the  odontoblast 
tire    towaida    the    centre, 

(Siting  layer  after  layer 

dentine,     they     k 
behind  them  long  filaments  of  their  protoplasm  around  which  the 
aalcareoua  deposit  is  moulded  ;  thus  the  dentinal  tubules  occupied 

B86S  of  the  odontoblasts  ere  formed. 
The  other  cells  df   the   dental    papilla    form    the    cells    of    the 

pulp. 

nutmt'i—  The  portion  of  the  enamel  or  dental 

erm  th.it  the  dental  papilla  is  a1   thu  called  the 

tmel  tnyam*     Thia  consists  of  four  parts  (see  hgs-   ioc 

.0.). 


rti«:Al  tnuiHvrnm  »«i  linn  of  th«dent*I 

Bttl  TuipilU 

or  palpi  ft»  tie  oip  »i  dentine  forxneu  tjpoii 

the  Bummlt;  c,  iU  covering  of  en&md  ;  'pinner 

Uyer    nl   epithelium  ?£*&; 

.  [ •iiiiv*'!-.  f  r  et>it.heli»)  biycr 

tfa  rniimel  i»rgr*n ;  p,  inmr  lay.  r,  itud  A. 

BHtw  Injnsr  of  den  tal  i  i  cThiemch.) 


TVS  O0*«'TT^    TWV 


I    the 


nadesfcert  cdU 


iv. 


ItigMr  m«r 

7,  T^/mn'wnem 


%  by«m*r  »o,l 
intermedium  rt 


3,  A  matrix  of  non-vascular  jelly-like  tissue  containing  stellate 

:iv 

4.  An  outer  membrane  of  several  layer-  ••  pit  helium 
cells. 

The  tir*t  tin  scale  are  seen  in  fig. 

toi. 

The  enamel  prisms  are  formed   by  the  agency  of  the  en«1«  of 
the  ailamautui  abut    ou    the   dent 

bnsi  a  tine  deposit    »»f  globules  staining   with  osmic  soid   and 

keratin  in   it*  resistance   t«»  mineral  acid.      \ 
time  it  wis  believed   that  each  adamautobLast  was   itself  calcafisd 
iiiifl    txmvetted   into  an  enamel   prism,  hut   ihi*  view   has  been 
disproved  by  recent  research.     The  layer  «»f  keratin  like  va 
h  outKjilr   tin'   bodies  of    the   cells,   although   a  process  of  each 
sdamatitoblast    extends  into  it  as  a   tapering  fibre  {process  of 
Totues),  sod  ii  is  usually  produced  annul  taneously  witli  th< 
layer  ol  uticalcitied  dentine  ;    when  it  undergo*  nip  t lie 

lirHt    layer   of   etuunel    is    complete*     The  adamanli 'blasts   Ibspi 


Cll.  v.] 
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repeat  the  proocafr  first  causing  a  deposition  of  kcrat  in-like 
materia],  and  this  in  turn  is  calcified,  and  so  on,  During  the 
formation  of  layer  after  layer  of  enamel,  the  adumaiitoblasts 
retire.  By  the  time  the  enamel  is  approaching  completion  the 
other  layers  of  the  enamel  organ  have  almost  disappeared,  and 
they  entirely  disappear  when  the  tooth  emerges  thr<uigh  the  gain. 
But  fur  some  little  time  there  id  a  somewhat  more  persistent  mem- 
brane covering  the  crown  ;  this  is  Nasmyth's  membrane,  or  the 
enamel  cuticle  ;  this  is  the  last  formed  keratinoua  layer  of  enamel 
which  baa  remained  uncalcilied. 

As  with  the  dentine,  the  formation  of  enamel  appears  first  on 
the  apex  of  6ft6h  OUip. 

The  rtrre  »t  or  rruMa  pttrom  is  formed  from  the  internal  tissue 
of  the  tooth  sac,  the  structure  and  function  of  which  are  identical 
with  those  of  tin  oeteogenetic  layer  of  the  periosteum  ;  or,  in  other 
words  ossification  m  membrane  occurs  in  it. 

The  outer  layer  or  portion  of  the  membrane  of  the  tooth  sac 
forms  the  dm!  M  M . 

This  periosteum,  when  the  tooth  is  fully  formed,  is  not  only 
a  means  of  attachment  of  the  tooth  to  its  socket,  but  also  in  con- 
junction with  the  pulp  a  source  of  nourishment  to  it.  Additional 
lamina*  of  eemenl  led  to  the  root  from  time  to  time  during 

the  life  of  the  tooth  (,»s  is  especially  well  seen  in  the  abnormal  con- 
dition called  t%$\  by  the  process  of  ossification  taking  place 
111  the  periosteum.  On  the  other  hand,  absorption  (.f  the  root 
h  as  occurs  when  the  milk-teeth  are  shed)  is  due  to  the  action 
of  the  osteoclasts  of  the  same  membrane. 

In  this  manner  the  first  set  of  teeth,  or  the  milk-teeth,  are 
formed;  and  each  tooth,  sj  it  grows,  presses  at  length  on  the  wall 
of  the  See  enclosing  it,  and,  causing  its  absorption,  is  cut,  to  use  a 
familiar  phrase. 

The  kmporary  or  milk  forth  are  later  replaced  by  the  growth 
of  the  permanent  teeth,  which  push  their  way  up  from  beneaih 
(lean. 

Each  temporary  tooth  is  replaced  bj  a  tooth  of  the  permanent 
set  which  is  developed  from  a  small  sac  which  was  originally  an 
toot  from  the  sac  of  the  temporary  tooth  which  precedes  it, 
and  called  the  cavity  qf  reserve  (tig.  08,  C,  fp).  Thus  the  ' 
porary  incisors  and  canines  are  succeeded  by  the  corresponding 
permanent  ones,  the  temporary  first  molar  by  the  first  bicuspid  ; 
the  tetn[  oood  molar  developes  two  oA hoots,  one  for  the 

second  bicuspid,  the  other  for  the  permanent  tirst  molar.  The 
permanent  seem  id  molar  is  budded  oil  from  the  first  permanent 
molar,  and  the  wisdom  from  the  permanent  second  molar. 
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The  development  of  the  temporary  teeth  commences  about  the 
sixth  week  of  intra  uterine  life,  after  the  laving  down  of  the  bony 
structure  of  the  jaws.  Their  permanent  successors  begin  b 
about  the  sixteenth  week  of  jntra-uterinc  life.  The  second 
permanent  raolarfl  originate  about  the  third  month  after  birth, 
and  the  wisdom  teeth  about  the  third  year. 


The  Blood, 

A  full  consideration  of  the  blood  will  oame  later,  when  we 
know  more  alx>ut  the  chemical  aspects  of  physiology,  but  it 
will  be  impossible  to  discuss  all  the  other  phenomena  we  shall 
have  to  study  in  the  meanwhile  without  some  elementary 
knowledge  of  the  principal  properties  of  this  fluid.  For 
that  reason,  and  also  to  complete  our  list  of  the  OOttJ 
tissues,  we  may  here  rapidly  and  briefly  enumerate  its  p 
characters. 

The  blood  is  a  fluid  which  holds  in  suspension  tubers 

of    solid    particles    which    are    called    the  K&t      The  fluid 

itself   is   called    the  plasma    or  liquet  nt&      It    ifl    S 

albuminous  fluid  ;  and  one  of  the  proteids  in  it  is  called 
fibrinogen. 

After  blood  is  shed  it  rapidly  becomes  viscous,  and  then  sets 
into  a  jelly.     The  jelly  contracts  and   squeezes  out    of  the  clot 
a  straw-coloured   fluid  called   seritmt  in  which    the  shrunk < 
then  floats. 

The  formation  of  threads  of  a  solid  proteid  calh  from 

the  BoluMe    proteid    we    have    railed    //' 

act  of  coagulation;  this,  with  the  corpuscles  it  entangles,  is  called 
the  tf of.  Serum  is  plasma  minus  fibrin.  The  following  scheme 
shows  the  relationships  of  the  constituents  of  the  blood  at  a 
glance  : — 

{Serum 
Fibrin 
j  OorposoleQ 

The  corpuscles  are  of  two  chief  kinds,  the  red  and  the  white. 
The  while  corpuscles  are  typical  animal  cells,  and  we  have 
already  made  their  acquaintance  when  speaking  about  amoeboid 
movements. 

The  red  corpuscles  are  much  more  numerous  than  the  white, 
averaging  in  man  5,000,000  per  cubic  millimetre,  or  400  to  500 
red  to  each  white  corpuscle.  It  is  these  red  corpuscles  that  give 
the  red  colour  to  the  blood.     They  vary  in  size  and  structure  in 
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different  groups  of  the  vertebrates,  hi  nmftimnfa  they  are  bi- 
cept  in  tli<-  came]  tribe,  where  they  arc  bioo&vex) 
nucleated  discs,  in  man  , .  \, ,,  inch  hi  diameter  ;  during  fatal 
life  nucleated  red  corpuscles  are,  however,  bund.  In  birds,  reptiles, 
amphibians  and  fishes  they  are  biconvex  oval  discs  with  a  nucleus: 
they  are  largest  in  the  amphibia.  The  most  important  and 
abundant  of  the  constituents  of  the  red  corpuscles  is  the  pigment 
which   is   called    ham  This   is  a   protcid-likc    substance, 

but  is  roinai  ni  a  small  amount  of  iron  {about 

o*4  per  cent). 

ill*  idcMxl  during  life  is  in  constant  movement.  It  leaves  the 
heart  by  the  vessels  called  arteries,  and  returns  to  the  heart  by 
the   ran  the  terminations  Of  the  arteries  and  the 

commencement!  ol  the  reins  arc,  in  the  tissues,  connected  by  the 

thin-walled  microscopic  vessels  called  rttpiihrit*.  In  the  capil- 
laries, leakage  *»F  the  blond-plasma  occurs;  this  exuded  fluid 
carries  nutriment  from  the  blood  to  the  tissue-elements,  and 
removes  from  them  the  waste  products  of  their  activity.  The 
lymph  is  collected  by  lymphatic  vessels,  which  COO  verge  to  the 
Koala  lymphatic,  called  the  thoraek  duct  This  opens  into  the 
large  veins  ne.tr  to  their  entrance  into  the  heart  ;  and  thus  the 
j>  is  returned  to  the  blood. 

But  bh>od  is  also  a  carrier  of  oxygen,  and  it  is  the  pigment 

luemoglohiu   which    is    thi  rrier;    in    the    lungs    tin- 

haemoglobin   POmbtrfes  With   tin    i.u^n  of   the  air,  and   forms  a 

»uip.)itnd  of  a  bright  scarlet  colour  called  oxyhamogfobim. 

This  arterial  or  oxygenated  blood  Is  taken  to  the  heart  and  thence 

propelled  by  the  arteries  all  over  the  l>ody,  when  the  tissues  take 
fche  respiratory  oxygen  from  the  hemoglobin,  and  this  removal  of 
oxygen  changes  the  colour  of  blood  to  the  bluish-red  tint  it  has 
in  the  veins.  The  veins  take  the  blood  mium  a  large  quantity 
of  oxygen  and  phtB  a  large  quantity  of  carbonic  acid  received  ill 
exchange   from    the   tissues   to  the  heart,  which   sends    it  to  the 

bongs  to  get  rid  of  its  surplus  carbonic  acid,  and  replenish  its 
of  oxygen  ;  then  the  sane  round  begins  over  again. 
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Jfcar.r.*  j*  swijwij  i.-i.'vr*.  i*  i»s*a-  Ir  >w»a  ae  scorer  of 
tAnr^vAr.R.  *;n:  a  ..".  rr.it  -i-rnir  trrmaJi*,  *an*  TaHoe  :y  wfcka 
•jwir  .ur.^-wvuy.'jt  *.-*  -i-i^f/vr^fi.  Pi*  auwcie*  nifcj  i«»  -raided 
ff-4tt  *  :*V7<iiv.r.«£i\»*  trArjipr.i-r.  mV;  •■» :  jCTas  ^iMfHMiL  ?&&  fin- 
tory  v..-..«»u*ft.  Vj/t^  v*.j^r.  tr»  -.r^itr  ^kit  oaiani  o£  ~ib£  will,  lad 
tn*  **<v>t« *fa^y  ::.  ..+\i*x.  tfcivw  wiii:ri  art  o*jc  Th*  ««fc£ractioiL 
'/  *,&*  zrT\\:.~jLT2  .v.  ..^.le*  a.  cj-.Tr*T*r.  -rr^csrotLgfi  it  she  nerroos 
«7«Mer.,  'jc.17  r.7  *  i;:?*T*r.*  par:  >->i  th*  :u*rj»JO»  iyKtfn  from,  that 
«&>»&  wv.r.U  •*.*%  4-rti  tItj  ■*,£  th*  voi  u^ary  m^arttia. 

rA»'r^r.  ,-r.  ^r.Af  11.4*1.*  Li  *x*rc>:i*=d  with  the  nuexoaeijpe,  h  n 
*^r.  V,  ;>*  uaAh  .p  of  w-*II  elongated  thread-like  fcrartures, 
»r»y,r.  *r*  ^;^I  mwmdar  &/rt*  :  the**  are  brand  into  bandies  by 
WMAf+j.1*  iiAH-.fz,  wxA  \u  i\&  involuntary  incudes  there  is  in 
*^.V*  *  '*rTAifi  ar/»ft«ih*.  of  cement  substance,  stainable  by  nitrate 

O*  <**T*T,  Mltwe^T*  the  fibres. 

Tb*  r/»'i*erjUr  fibr^i  are  not  all  alike;  those  of  the  voluntary 
tnwU*  are  aeen  by  the  microscope  to  be  marked  by  alternate 
'lark  and  light  %triping*  or  Htriations ;  these  are  called  fras* 
vtrndy  Ktri/iUA  mtumlar  JU/r*$.  The  involuntary  fibres  hare 
not  got  tbeae  marking*  aft  a  rule.  There  is  one  important 
exception  to  this  rule,  namely,  in  the  case  off  the  heart,  the 
rnuMcular  fibre*  of  which  are  involuntary,  but  transversely 
atriaU-d.  There  are,  however,  histological  differences  between 
cardiac  rrjuacle  and  the  ord i nary  voluntary  striated  muscles. 
The  ufiMtriatcd  involuntary  muscular  fibres  found  in  the  walls  of 
the  stomach,  intestine,  bladder,  blood-vessels,  uterus,  and  other 
contractile  organs*  are  generally  spoken  of  as  plain  muscular 
fU/r*n. 

From  the  histological  standpoint  there  are,  therefore,  three 
varicticM  of  muscular  fibres  found  in  the  body  of  the  higher 
an  in  ml  h  :  transversely  striated,  cardiac,  and  plain  muscular  fibres. 
The  relationship  of  this  histological  classification  to  the  physio- 
logical classification  into  voluntary  and  involuntary  is  shown  in 
the  following  table  : — 

1.  TrariHV<TM!ly  Htriatcd  muscular  fibres  : 

a.  Id  skeletal  muscle  ....       VoLUNTABT. 
h.  In  cardinc  muscle   .        .  .    \ 

2.  IMftln  muscular  fibre*  :  /  TNVOLnKTAHV 

In  bhxxl-vcHHela,  intestine,  uterus,    f  in™luktaby. 
bladder,  etc J 


CM,  TI.] 


f'NTAUY    Mt'SCLE, 


85 


All  kinds  of  mu>  jtc  therefore  i i posed  of  fibres, 

but  the  fibres  are  essentially  different  from  those  we  have  hitherto 
studied  in  the  conm  >,     There,  it  will  be  remembered, 

the  fibres  aft  developed  between  the  cells;  here,  in  muscle,  the 
fibres  an-  developed  hom  the  cells;  that  is,  the  cells  themselves 
become  elongated  to  form  the  muscular  fibres. 

Voluntary  Muscle. 

The  voluntary  muscles  are  thoM  which  arc  sometimes  called 
$kei<Uilt  constituting  she  whole  of  the  muscular  apparatus 
attached  to  the  bon 

Each  muscle  is  enclosed  iu  a  sheath  of  areolar  tissue,  called  the 
fyt  this  sends  in  partitions,  or  septa,  dividing  off  the 


Pig,   107. — A  branched  tniiMulnr  Itet  from  the  frogN  tongut*.     ,  KulhktT*) 


fibres  into  ftuciculij  of  bundles;  the  sheath  of  each  bundle  may 
be  called   the  Pti  ,      ISetween  the  individual  fibres  ia  a 

small   amount  ofl  t  volar  tissue,  called   the  Endomt/sium. 

The  blood-vessels  and  nerves  for  the  muscle  are  distributed  in 
this  areolar  tissue. 

The  fibres  vary  in  thickness  and  length  a  good  deal,  but  they 
average  ^^  inch  in  diameter,  and  about  i  Inch  in  length.  Each 
fibre  is  cylindrical  in  shape,  with  rounded  ends  ;  many  Ueouie  pro- 
longed into  tendon  bundles  (fig,  nr),  by  which  the  muscle  is  at- 
tached to  bone.  As  a  ndc  they  are  mi  branched*  but  the  muscle 
fibres  of  the  face  and  tongue  divide  into  numerous  brain  I 
before  being  inserted  to  the  under  Bttrfaee  of  the  skin,  or  mucous 
membrane  (tip  102).  The  fibres  in  these  situations  are  also  finer 
than  in  the  majority  of  the  voluntary  muscles, 

Kach  fibre  consists  of  a  sheath,  called  the  mmekmrnfy  enclosing 

•  The  muscular  fibres  of  thl  pharynx,  part  of  the  oesophagus,  and  of  the 

muscles  of  the  interna]  ear,  tl gfa  DOl  uaocr  the  control  of  the  wiIJt  have.* 

the  same  structure  as  the  voluntary  muscular  fibres. 
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a  soft  material  called  the  i  -.      The  sarcoleuimji 

is  botnogi  lastic  in  nature,  and  especially  tough  in  fiidiand 

amphibia.     It  may  readily  be  demonstrated  in  .1  pre- 

paration of  fresh  muscular  fibres  by  applying  re  u> 

the  cover    slip;   the   contractile   substance   is   thereby    t 
ing  the   sareolennna   bridging   the   space  (fig.    103V 
in  adhering  some  nuclei. 

The    contractile    substance  wit  bin  the  sheath  is  made 
alternate  <lisi ■•*  «.f  dark  and  Light  sub 

Muscular  fibres    contain   oval   nuclei.      In   mammalian    □ 
these  are  situated  just   beneath   tbe  sarcolemma ;   but  in  ft 
muscle   thev  oceur  also  in   the   thickness  of   the   muscular  fibre. 


Fig.  TOj.—Muaeular  fibre  torn  attvaa,  Qm 
raircoletnma  ft  ill  connecting  I 
part*  of  the  flltr*.    (Todd  and  Bow- 
man.} 
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104. — Muscular  fibre  of 
•  mammal  highly  mi 
mtied.    The   eurtW 
the     rtlirt*    im 
foouawd.    (SchSfer.) 


The  chromoplasm  of  the  nudeus  lias  generally  a  spiral  ai 
i.ir  hi,  and    often  there  is  a  little  protoplasm   (well   seen 

in  the  muscular  fibres  of  the  diaphragm  1  around  each  pole  of  the 
nucleus. 

The  foregoing  facts  can  be  made  out  with  a  to*  of  the 

microscope  ;   on   examining   muscular  til-res  with  a  high  power 
other   details   can  be  seen,      Treatment   with  dill 
brings  out  still  further  points  of  structure.     These  are  diffei 
described  and  differently  interpreted  by  different  hi 
perhaps  no  subject  in  the  whole  of  mi-  roseopic  anatoinv  has  been 
more  keenly  debated  than  the  structure  of  a  muscular  hbn 
the  meaning  of  the  changes  that   occur  when  it  contract*.     A 
good  deal  of  the  difficulty  has  doubtless  arisen  from  the  fact  that 
a  muscular  fibre  is  cylindrical,  and  if  one  foousaea  the  surface  one 
gets  different  optical  effects  from  those  obtained  by  focussing  deep 
in  the  mbttanoe  of  the  fibre.     I  shall,  in  the  following  account  of 
the  Intimate   structure  of   striated    muscle,  adhere  v,it  el'.srkto 

the  writings  of  Professor  Scbafer, 
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U  the  surface  is  carefully  focusscd  rows  of  apparent  granules 
are  seen  lying  at  the  boundaries  ol  the  light  streaks,  and  tine 
longitudinal  linen  passing  through  the  dark  streaks  may  be 
te<l  uniting  the  apparent  granules  (fig,  104}. 

b  -  treated  with  dilute  aoideor  gold  chloride,  the 

granules  are  Been  to  be  connected  side  by  side,  or  taanaveraelj 

also.    Thii  reticulum  (fig,  105),  with  its  longitudinal  and  trausv. 

was  at  one  time  nonafrtered  to  be  the  essential  oontraetile 
portion  of  the  moaoular  Abie  J  it  was  thought  that  on  contraction 


Fiff.  105.— Portion  of  muncle-flbre  of 
waier-beetle,  showing  network 
very  plainly.  One  of  tbetrnnaveree 
attwurkn  i*  -put  off,  and  some  of 
the  lunxitnduial  bam  are  ebown 
broken  off.    (After  MeUnad.) 


Fig.  106.— Transvemeaecnonthrmipti 
znuMcalar  flbrr*  of  human  tongue. 
Tli"  RoaM  IN  deaply  gtaftMi, 
iiMted  at  the  inside  of  the  aar- 
oolemma.  Each  muacJe  fibre 
ahowa  '*  Cohnnefm'*  arena/* 
X  450.  (Klein  snd  Noble  Smith.) 


the  transverse  networks,  with  their  enlargements,  the  granule*, 
became  increased  by  the  longitudinal  strands  diminishing  in 
length  and  running  into  them.  Most  hislnlogists  have  rejected 
this  idea,  and  regard  the  network  as  mere  interstitial  substance 
lying  between  the  essentially  contractile  portions  of  the  muscle. 
A  muscular  fibre  is  thus  made  up  ol  what  are  variously  called 
j,  mtisrlf-o'iiftntts  or  wr<<>shftr«  ;  and  the  longitudinal  inter* 
stitial  substance  with  cross  networks  OOmprkuag  the  reticulum  just 
referred  to  is  called  Mrcopkum*  By  the  use  of  certain  reagents, 
such  as  osmie   acid  or  alcohol,  the  muscle  columns  or  sareostylcs 

may  be  completely  separated  from  one  another. 

A  transverse  section  of  a  muscular  fibre  (fig.  106)  shows  the 
sections  of  these  aaraatylea  ;  the  interstitial  sarcoplaani  is  repre- 
sented as  white  in  the  drawing.  The  angular  fields  separated 
by  sareopiasm  may  still  be  called  by  their  old  name,  areas  of 
CJtntitim. 


MUSCULAR    TISSUE. 


If,  instead  of  focussing  the  surface  of  a  fibre,  it  is  observed  in 
its  depth,  a  fine  dotted  line  is  seen  bisecting  each  tight  strife; 
this  has  been  variously  termed  2)  l  mctnbrwu 

(fig,  107).    At «  m  time  this  was  believed  to  be 
continuous  with  the  sareolemma.      It  is  probably  very  largely  111 
Optica]   effect,  caused   by  light   being  transmitted   between  diw 
Of  different  refran^tbility. 

If  cross  membranes  do  exist  they  are  not  f  -tant;  this 

was  well  shown  "by  an  accidental  observation  first  made  by  Kuhne, 


Fig.  107.— A.  Port  km  of  a  it  n  tit  urn-sized  human  muscular  fibre.     *  Boo.    H. 

bunrik*  of  til  nil*  equally  mflK7iit3«-<l ;  «jt  «,  larffwt  and  fr,  hf  emullcr  collections  ;  e,  still 
smaller ;  •/,  d,  the  Bulks*  « hi  h  ■■uuld  be  detached,  presibly  representing  ft  tingle 
series  of  sarcmui  elemental.    ( Hh  arpey. ) 

and  subsequently  seen  by  others.  A  minute  thread-worm,  called 
the  ifyorteUS)  was  observed  crawling  tip  the  interior  of  the  coo- 
tractile  substance  of  a  muscular  fibre;  it  crawled  without  any 
opposition  from  membranes,  and  the  track  it  left,  closed  up  slowly 
behind  it  without  interfering  with  the  normal  cross-st nations  of  the 
contractile  substance.  This  observation  strikingly  illustrates  the 
fact  that  the  contractile  substance  in  a  muscular  fibre  is  fluid,  hut 
only  semi-fluid,  for  the  closing  of  the  thread-worm's  track  occurred 
slowly  as  a  hole  always  closes  in  a  viscous  material. 

Another  appearance  which  is  sometimes  seen  is  a  fine  clear  line 
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fibre  in  lbs  middle  of  each  dark  band      It  is 
Called  Ifmtrn*  tine. 

A   muscular   Blue    may    rj*  >t    only  b€    broken   up  into  fibrils  or 

columns,  but  under  the  Influence  of  some  reagents  like 
hydrochloric  acid,  ir  can  be  broken  up  into  discs,  the 
cleavage  000 airing  in  tIh-  centre  oJ  each  light  stripe.  Bowman, 
the  earliest  to  study  muscular  fibres  with  profitable  result- 

that  the  subdivision  of  a  fibre  into  fibrils  was  ■  phenomenon 
of  the  same  kind  as  the  avagc  into  discs,      He  considered 

that  both  were  artificially  produced  by  a  separation  in  one  or  the 
other  direction  of  particles  of  the  fibre  he  called  "  sareous  ele- 
ente,"     The  cleavage  into  discs  is  however  much  raver  than  the 
ration  into  fibrils  ,  indications  of  the  librils  arc  seen  in 

lv  freak  muscle  before  any  reagent  has  bean  added,  and 
this  is  markedly  evident  in  the  wing  muscles  of  many  msecta.     It 
eved  that  a  muscular  fibre  is  built  up  of  contiguous 
fibrils  or  sareostyles,  while  cleavage  into  discs  is  a  purely  artificial 
phenoiiRijMh 

Havcraft,  who  has  also  mvi  I    the  qveetion  of  muscular 

i  1  re,  has  arrived  at  the  conclusion  that  t lie  cross  striatum 
is  entirely  due  to  optical  phenomena.  The  sareostyles  are  vari- 
cose, and  when  they  arc  enlarged  different  refractive  effects  will 
be  produced  from  those  caused  by  the  intermediate  narrow  por- 
tions. This  view  he  has  very  ingeniously  supported  by  taking 
negative  casts  of  muscular  fibres  by  pressing  tbena  on  to  the  sur- 
face of  collodion  films*  The  collodion  cast  shows  alternate  dark 
and  light  hands  tike  the  muscular  fibres. 

Soblfer  is  arable  toaocepl  this  view;  h  the  substance 

of  the  sareostyle  in  its  dark  stripes  a*  being  of  different  coinpisi 
tion,  and  not  merely  of  different  diameter,  from  the  Ban  "style  in 
pen  of  the  light  stripes;  it  certainly  stains  v«.ry  differently 
with  many  especially  chloride  of  gold.    His  views  regard- 

iug  the  intimate  structure  of  a  sareostyle  have  been  worked  out 
chiefly  in  the  wing  muscles  of  insects,  where  the  ssrooetylea  are 
separated  by  a  considerable  quantity  of  interstitial  sareoplasm, 
and  a  brief  summary  of  his  OCPcInaiooa  is  as  follows  r- — 

Badh  divided  in  the  middle  of  each  light  stripe 

by  tranaveisc  lines  (membranes  of  Kfanae)  into  successive  jjor- 
tions,  which  may  be  tanned  weogieraf.  Each  sarcomere  is  occu- 
pied by  a  portion  of  the  dark  stripe  of  the  whole  fibre  ;  t  liia 
portion  of  the  dark  stripe  may  be  called  a  tareoui  dement9     The 


thai    this  expression  haa  a  different   meaning  from  what   it 
originally  bad  when  used  by  Bowman, 
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sarcous  element  is  really  double,  and  in  the  stretched  fibre 
(fig,  10S,  b)  separates  Into  two  at  the  line  of  Sfltiaeo.  At  either 
end  of  the  sarcous  element  is  a  clear  interval  separating  it  from 
Krause^s  membrane  ;  this  clear  interval  is  more  evident  in  the 
extended  .sarcomere  (fig.  10S,  h),  but  diminishes  00  OOntniCtlM 
(fig.  1 08,  a).     The  cause  of  this  is  to  be  fuund  in  the  structure  of 

the  nroooe  Bleme&t  It  m  pervaded  with  loogituduud  canals  or 
pores  open  toward-  Krause'l  Ittflinhfllllin  twit  closed  at  Henseni 
line,  Iu  the  contracted  muscle  the  clear  part  of  the  muscle  sub- 
stance passes   into  these  pores,  disappears   horn  view  to  a  great 


1 


B  C 

1 


Fig.  10S.— Baxcufttytat  from  the  wing-mur*  1*  * 
of  a  wuap. 

a,  a'.    8ara*tyle»   showing  degree*  of  eon- 

traction, 
a.    A  a&ranetyk  extended  with  the  earcoua 

■'ii-iri.  nt-  *epagsttd  lata  feiro  paita 
c.  Smrooetyles  moderately  extended  (nemidui- 

grammatic;.    (£.  A,  SchafeT,) 


5.1L 


~0. 


Fig,  109- — Diagram  of  a  sareomot 
in  11  moderately  extended 
condition,  a,  and  in  a  at- 
tracted condition,  a. 

x,  k,  Kiuujie'a   membrana ;  1, 
plane  of  Henaen;  aa, 
poriferou*    narcoua  d^ 
(E.  A-achlfcr.} 


extent,  swells  up  the  sarcous  element,  widens  it  and  shortens  the 
sarcomere.  In  the  extended  muscle,  on  the  other  hand,  the  clear 
substance  passes  out  from  the  pores  of  the  sarcous  element,  and 
lies  between  it  and  the  membrane  of  Krause  ;  this  lengthens  and 
narrows  the  sarcomere.*  This  is  shown  in  the  diagrams.  It 
may  be  added  that  the  sarcous  element  does  not  lie  free  in  the 
middle  of  the  sarcomere,  but  is  attached  at  the  sides  to  a  tine 
enclosing  envelope,  and  at  either  end  to  Krause 'a  membrane  by 
fine  lines  running  through  the  clear  substance  (fig.   109,  a). 

This  view  is  interesting,  because   it  brings  into  harmony  amoe- 
boid, ciliary,  and  muscular  movement.      In  all  three  instances  ve 


*  The  existence  of  open  pores  is  not  admitted  by  all  observers.  These 
regard  the  passage  of  fluid  in  and  out  of  the  sarcous  element  as  due  to  ciiffu* 
sion  through  its  membrane. 
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Uiive  protoplasm  I  erf  two  materials,  >jh»i  idioplasm  and 

■«  iiMTit  the  irregular  arrangement  of 
the  spon  hyaloplasm  to  flow  in  and  nut  of  it 

in  any  direction.     In  ciliarj  morement  the  Bow  is  limited  by  the 
arr;*  igtoplasm   to  one  direction  ;  hence  the 


Fitr   1 10—  Wave  of  contraction  pasting  over  a  miiM-ulnr  tihi 
tioaa  of  the  fibre  at  rett ;  c,  contracted  part ;  1*  1.  Intel 


of  water-beetle.     R»  R,  por- 
iliute  condition.      ^SehiiCT.) 


liiuitnt ion  of  the  movement  in  one  direction  (sec  p.  $$).  In 
DAliaefo,  aliOj  the  definite  arrangement  of  the  spougioplasm  (repre- 
sented by  the  aarootu  dement)  In  a  longitudinal  direction  directs 
the  movement  of  the  hyaloplasm  (represented  by  the  clear  sub- 
stance of  the  light  Stripe),  BO  that  it  must  low  either  iii  or  out  in 
that  particular  direction.  The  muscular  fibre  is  made  up  of 
sareostvks  and  th  1  vie  of  sarcomeres.     The  contraction  of 


the  whole  muscle  is  only  the  mud  told  of  the  contraction  of  tl] 
the  constituent  sarcomeres. 

In  an  ordinary  muscular  fibre   it   is  stated   th.-tt  when   it  con- 
tracts,  not  only  does  it  become  thicker  and  shorter,  but  t: 
stripes  become  dark  and  the  dark   stripes  light.      This   again  u 
only  an  optical  illusion,  and  is  produce  1  by  the  altera  I 

shape  of   the  sareos  tries,   affect: 
sarcoplasm    that    lies     between    them. 
When  the  sarcous  elements  swell  dosing 
contraction,  the  sarcoplasm  accuzni 


Fig*  lit,  —  TvrmmntKm  of  u 
miiMcuIar  fibre  in  a  tendon- 
bundle,  m,  sarcok-mma  ;  *, 
the  nme  naming  orrr  the 
end  of  bundli :;  />t  extremity 
of  muacular  substance  c, 
retracted  from  the  end  of 
au-colemma  tube;  tt  ten- 
<l<m  hoodie  fixed  to  mrco- 
letnmn .     ( ltan  Yier.  J 


■z.- Three  muscular  fibre* 
running  longitudinally  and 
two  bundles  of  fibres  in 
traaavetae  taction,  H,  from 
the  tongue.  The  eapillari**, 
Care  inject 
and  Noble  Smith.  1  * 


opposite  the  membranes  of  Krnuse,  and 
diminishes  in  amount  opposite  the  aar- 
cous  elements  ;  the  accumulation  of  sar- 
coplusm  in  the  previously  ll^ht  stripes 
makes  them  appear  darker  by  contrast 
than  the  dark  stripes  proper.  Thw 
is  very  well  shown  in  n>.  no.  There 
is  no  true  reversal  of  the  atriptngs  in  the 
iaioostylefl  hhemselTea, 


That  this  It  the  case  can  be  ■seen  very  well  when  a  muscular  fibre 
with  polarised  light.     A  polarising  microscope  contains  a  N  fools  prism 
beneath  the  stage  of  the  microscope  which  polarises  the  light  pas 
the  objeel   placed  <>ri  the  stage.     The  eye-pien  j   another 

prism,  which  detects  this  fact.     If  the  two  Nicola  are  p  ta  light 

passing  through  the  first  passes  also  through  the  second  ;  but  if  the  second 
is  at  right  angles  to  the  first,  the  light  cannot  traverse  it  and  the  field 


REP    AMD    CARDIAC    MUSCLE. 


93 


appears  dark.     Jf  an  object  on  ilir-  micro*  ope  stage  is  doubly  refracting  U 
will  appear  bright  In  tins  -lark  field  :  \i   II  n  main*  dark  it  is  singly  ref 
lag.     Toe  sarooplasm  is  singly  refrs  tsotropooi  ;  it  remains  dark  in 

the  dark  field  "f  th<_  polarising  mlCVOtOOpe.  The  BIQtCM  OOhumn  off  ■ 
styles  are  in  great  measure  doubly  refracting  or  anisotropic,  and  appear 
bright  in  the  dark  field  of  the  polarising  microscope.  The  sarcostylc.  bow- 
ever,  is  not  wholly  doubly  refracting  ;  the  sareoii*  elements  are  doubly 
refracting,  and  the  clear  intervals  are  singly  refr&Gtfog.  On  contraction 
there  U  do  reversal  of  th  ipprarances.  though  of  COOTS 
thickness  of  the  singly  refracting  intervals  varies  inversely  with  that  of  the 
doubly  refracting  sarcous  elements. 

En'ttH >i  qJ 'JfffSl A  mi  Tendon. —  A  tendon  bundle  passes  to  each 
muscular  fibre,  and  becomes  firmly  united  to  the  sareolcmma. 
The  areolar  tissue  between  the  tendon-bundles  becomes  also  con- 
tinuous with  that  between  the  muscular  fibres. 

HI*-  qf  Must*** .   -The  arteries  break  up  into  capillaries, 

which  run  longitudinally  in  the  cudnmvsium,  transverse  bunches 
connecting  them.  No  blood  vessels  svei  penetrate  the  sureo- 
lcmma,  The  muscular  fibres  are  thus,  like  other  tissues,  nourished 
by  the  exudation  from  the  blood  called  lymph.  The  lymph  is 
removed  by  lymphatic  vessels  found  m  the  perimysium. 

The  nerve$  of  voluntary  muscle  pierce  the  sarcolernruu,  and  ter- 
minate in  expulsions  called  end-plates,  to  In?  described  later  on 
(see  p.  102). 

meeular  SpindUe, — Bundles  Of  tine  muscular  fibres  en- 
closed within  I  thick  lamellatcd  sheath  of  connective  tissue  arc 
found  scattered  through  Voluntary  must  les  j  they  an  especially 
numerous  near  the  tendon  and  in  tin1  proximity  of  intra  muscular 
remarkable  that  they  have  not  been  hn\u*\  in  tin  ocular 
or  tongu*  muvles.  These  structures  are  called  nritro-uitftrtth.n 
qriwfftft  ;  they  vary  in  length  from  j  to  \  inch,  and  are  about 
yj  ^  inch  in  diameter,  Kach  receives  u  nerve  fibre  which  divides 
into  secondary  and  tertiary  branches.  The  myelin  sheath  is  lost, 
and  the  tertiary  branches  encircle  the  muscular  fibres,  breaking 
up  usually  into  a  net wurk.  There  has  been  considerable  discus- 
sion as  to  the  meaning  of  these  spindles,  but  the  belief  is  gaining 

Kind    that   they  are  sensory  end  organs  in   the   muscle,      r 
further,  <  hapter  On  Touch.) 

In  ni  1 1  iv  animals,  such  as  the  rabbit,  and  some  fishes,  most  of 
the  muscles  are  pale,  but  some  few  (like  the  diaphragm,  crureug, 
sole  us,  semi  inembranosns  in  the  rabbit  1  are  fed.  Tin  so  muscles 
contract  more  slowly  than  the  pale  imwl,  .  and  their  red  tint  is 
due  to  hiciuoLdohiii  contained  irithin  their  contractile  substance* 


Red  Muscles. 
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In  addition  to  these  physiological  distinctkM 
i     Itficrences  between    them  and  ordinary    B 
These  histological  differences  are  the  following  :  — 
I.   Their  muscular  Hbm  are  thnim r. 
They  liaVf  more  sarcoplasm. 
Longitudinal  st  nation  is  more  distinct, 
i       -verse  stri.  irregular  than  afluaL 

Their  nuclei  are   situated  not   only  under   the    sarcolemnm, 
but  alao  in  the  thickness  of  the  filwa. 

6.  The  trans  verse  loops  of  the  capillary  network   are  dilated 
into  little  reservoirs,  far  beyond  the  size  of  ordinary  capillaries. 

Cardiac  Muscle. 

The  muscular  fibres  of  the  heart,  unlike   those   of  most  of  the 
involuntary  muBClfiSj    in1  striated  ;   but   although,  in    this  respect, 

they  resemble  the  skeletal  mus- 
cles, they  have  distiugu 
characteristics  of  their  own,  TL 
fibres  which  lie  side  by  side  are 
united  at  frequent  intervals  by 
short  branches  (fig.  i  13).  The 
fibres  are  smaller  than  those  of  the 
on linary  striated  muscles,  and  their 
transverse  striation  is  less  marked 
No  sarcolemma  can  be  discerned 
One  nucleus  is  situated  in  the 
middle  of   the    -  e    of   each 

fibre.  At  the  junctions  of  the  fibre* 
there  is  a  certain  amount  of  oe- 
menting  material,  stainable  by 

nitrate. 
Figf.  113.— MuAcular  fibre  cells  from 
the  heart.    (£.  A.  Schifer.) 

Plain  Muscle. 

Plain  muscle  forms  the  proper  muscular  coats  ( 1 .)  of  the  digestive 
canal  from  the  middle  of  the  oesophagus  to  the  internal  sphincter 
ani;  {2.)  of  the  ureters  and  urinary  bladder;  (3.)  of  the  trachea 
and  bronchi ;  (4.)  of  the  ducts  of  glands  ;  (5.)  of  the  gall-bl 
(6.)  of  the  vesiculre  seminales  \  {7.)  of  the  uterus  and  Fallopian 
tubes  j  (8.)  of  blood-vessels  and  lymphatics  :  (9.)  of  the  iris,  and 
Ciliary  D&lieek  <>f  the  eye.  This  form  of  tissue  also  enters  largely 
into  the  composition  (10.)  of  th<  hrtost  the  contraction  of 
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which  is  the  principal  wrinkling  ami  contraction  of 

the  scrotum  on  exposure  t«»  coW.      It  wears   also   in  the  skin 

mil'  Found  Biiff tiding  t i i . <  Beoretmg  part  of  the  swotl 

gjandl  am)  in  small  bundles  attached  to  the  hair  follicles;  it  also 
occurs  in  the  areola  of   the  nipple.      It  is  compose*  1  of  long,  fuai- 

.  *♦  lis  (flg,   114),  which  vary  in  length,  but  are  rn 
more  thau  FJ^  inch  long.      Each  cell  has   an   oval   or  r«>d  -shaped 


Fig.  114- — Muwular  flbre»i>-ll»  from  the  musviil&r  co»t  of  int^tine—  highly  magnified. 
Note  the  longitudinal  »tri*tion,  and  in  the  broken  fibre  the  &hcntb  in  visible* 

lens.  The  cell  substance  is  longitudinally  but  not  t ra inversely 
striated.  Each  cell  Of  ftbre,  as  it  tuny  also  be  termed,  has  a  deli 
cate  sheath.  The  fibres  are  collected  into  fasciculi,  and  united 
by  cementing  material,  which  can  be  stained  by  silver  nitrate. 
This  intercellular  substance  is  bridged  across  by  fine  filaments 
passing  from  cell  to  cell. 

The  nerves  in  involuntary  muscle  (both  cardiac  and  plain)  do 
not  terminate  in  end-plates,  but  by  plexuses  or  networks,  which 
ramify  between  and  around  the  muscular  fibres. 


Development  of   Muscular  Fibres. 


5      All   muscular  fibres  (except  those   of  the   sweat  glands  which 
are   epihlastie)  Originate  from   the    mesoblast.      The  j*lain    fibres 
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are  simply  elongated  cells  in  which  the  nucleus  becomes  rod- 
shaped.  In  run  liar  muscle,  the  likeness  to  the  original  celli 
from  which  the  fibre*  are  formed  is  not  altogether  lost,  and  in 
certain  situations  <  immediately  beneath  the  lining  membrane  of 
the  ventricles)  there  are  found  peculiar  fibres  called  after  their 
discoverer  Purkinjt*  nbr**  :  these  are  large  clear  quadrangular 
cells  with  granular  protoplasm  containing  several  nuclei  in  the 
centre,  and  striated  at  the  margin.  It  appears  that  the  differen- 
tiation of  these  cells  is  arrested  at  an  early  stage, 
though  they  continue  to  grow  in  size. 

Voluntary  muscular  fibres  are  developed  from 
cell.')  which  become  elongated,  and  the  nuclei  of 
which  multiply.  In  most  striated  muscle  fibres  the 
nuclei  ultimately  take  up  a  position  beneath  the 
cell-wall  or  sarcolemma  which  is  formed  on  the 
surface.  Striatioos  appear  first  along  one  side,  and 
extend  round  the  fibre  (fig.  115),  then  they  extend 
into  the  centre. 

During  life  new  fibres  appear  to  be  formed  in 
part  by  a  longitudinal  splitting  of  pre-existing 
fibres :  this  is  preceded  by  a  multiplication  of 
nuclei  ;  and  in  part  by  the  lengthening  and  dif- 
ferentiation of  embryonic  cells  (sarcoplasts)  found 
l>etween  the  fully  formed  fibres. 

In  plain  muscle,  growth  occurs  in  a  similar 
way  :  this  is  well  illustrated  in  the  enlargement  of 
the  uterus  during  pregnancy ;  this  is  due  in  part 
to  the  growth  of  the  pre-existing  fibres,  and  in  part 
to  the  formation  of  new  fibres  from  small  granular 
cells  lying  between  them.  After  parturition  the  fibres  shrink  to 
their  original  size,  but  many  undergo  fatty  degeneration  and  are 
removed  by  absorption. 


Flff.  115.— Dere- 
lopixur  muscu- 
lar tibre  from 
fcetu*  of  two 
months.  .Ran- 


CHAPTER   VII. 

NERVE. 

Nervous  tissue  is  the  material  of  which  the  nervous  system 
is  composed.  The  nervous  system  is  composed  of  two  parts,  the 
central  nervous  system,  and  the  peripheral  nervous  system.  The 
central  nervous  system  consists  of  the  brain  and  spinal  cord ;  the 
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peripheral  nervous  system  consists  of  the  nerves,  which  conduct 

impulses  to  and  htm   the  central    nervous  system,  and  thus 

brin^  th*  nerve  centres  into  relationship  with  otter  parts  of  the 

the  nerves  conduct  impulses  from  the  nerve-centres 
and  are  called  rffnrut  ;  tifcOM  whieh  conduct  impulses  in  the 
opposite    direction  are    called  affrrtnt,        When    one    wishes    t<> 


Fig-  1 1 6.— Two  nerve-fibre*  of 
sciatic  uene.  a.  Node  of 
KanvHT.  i».  Axb-cjlinder 
c.  Sheath  of  N  hwann,  with 
nuclei.  ModuIUry  ahe*th  is 
not  xtained.  x  300.  (Klein 
m.l  KoUi  Bnttfa 


Fig.  117,— Axis 
cylinder,  high- 
ly magnified, 
ahowing  it* 
e  o  m  p  o  n  e  u  t 
fibriJH, 
HSofcatto*] 


move  the  hand,  tin  nervous  impulse  starts  in  the  brain  and 
passes  iinwu  the  efferent  ot  motor  nerves  to  the  musotos  ol 
the  hand,  which  contract ;  when  one  feels  pain  in  the  hand, 
rent  or  sensory  nerves  convey  an  Impulse  to  the  brain 
icfa    is    there    interpreted  as    ..  c      If  all    the  nerves 

going  to  the  hand  are  cut  through,  all  communication  with 
the  Btree  is  destroyed,  and  the  hand  loses  the  power  of 

moving  under  the  influence  of  the  will,  and  the  brain  receives 
DO  impulses  from  the  hand,  or  as  we  say  the  hand  has  lost 
sensibility. 

This  distinction  between  efferent  and  afferent  nerves  is  a 
physiological  one,  which  we  shall  work  out  more  thoroughly  later 
on.  No  histological  distinction  can  be  made  out  between  motor 
and    sensory  nerves   and  it   is  histological  structure  which  wo 

*\p,  u 


■  |§,  -Nenre- 
■tained 

with        ijpniic 
add,  A,  node; 
II.         r 
'K.-y  nod  fk*L- 


the 


in  the  nerns, 
md  spinal  cord. 
from  the  nerve- 


f  nil  jr  when  we   get   to 
nerre-oent*B&,      For  the 

to  confine  oundTe*  to  toe 
fierre-fibrea  as  ther  are  found 
in  a  nerve. 

e-6bres  are  of  two  his- 
tological kinds,  medmliatrd  and 
nom-m*dwUate*L  Meduliated 
Dene-fibres  are  found  in  the 
white  matter  of  the  nenre- 
cent  res  and  in  the  nerves  origi- 
nating from  the  brain  and 
spinal  cord.  Non-medulla  ted 
nerve-fibres  occur  in  the  sym- 
pathetic nerves. 

The  medullated  or  white 
fibres  are  characterised  by  a 
sheath  of  white  colour,  I 
iu  nature,  and  stained  black 
by  ostnic  acid ;  it  is  called 
the  mrtluttary  tkeath  or  white 
ruhttant*  of  Srfnvann  ;  this 
sheathes  the  essential  part  of 
the  fibre  which  is  a  process 
from  a  nerve-cell,  and  is  called 
the  azi§  cylinder.  Outside  th  e  moduli  ar y  so ea th  is 
a  i li in  homogeneous  membrane  of  elastic  nature 
called  the  primitive  ihcath  or  neun 


F%.  119.— A  uudtuf  Kan- 
Tier  in  a  raedallated 
nerve  -  flbte,  iwwh 
from  above.  The  me- 
dullary aheath  u  inter- 
rupted, and  the  primi- 
tive sheath  thieaenei 
Copied  from  Axel  Krr 
and  Betxiua.  x  75a 
{ Klein  *  Noble  Snitk.) 
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Thr  tun 4  ryUiuUr  is  a  soft  transparent  thread   in    the  middle 
of  th-  it  is  made   up   of  WOeodlPglj?  &M  til nils  (tig.  I  17) 

which    stain    readily  with   gold    chloride*       Tti    meSulimrp  xftrath 

tic  double  contour  and  tubular  appearance  to 

the  fibre.      It  is  Interrupted   at    tegular   interval-    ktn»wn    us   the 

Sir,    The  stretch  uf  nerve  between  two  nodes  is 

called  ail  inUr*nodt,  and  iu   the   middle   of   eftob    inter  node    m   a 
U  which  belongs  to  the   primitive  sheath.     Besides  IbflM 

interrupt  ions,  a  variable  number  of  oblique  clefts  are  also  seen, 


branch  of  a  muwmUr  nerve  of  th*?  frag,  near  it§  termination,  showing 
ditimona  of  the  flbrv».    oT  into  two  j  6,  into  three.     X  350.    ( K.  JLiikor,  J 


vidiug  the  sheath  into  nectaEfary  BfifnienU  (fig.  118)  ^  but  most 
if  not  all  of  these  are  produced  artificially  in  the  preparation  of 
the  specimen. 

The  medullary  sheath  also  contains  a  horny  substance  called 
WiWtthimfiVi  the  arrangement  ol  this  substance  is  in  the  form  of 
a  network  or  reticulum  holding  the  fatty  matter  of  the  sheath  in 
its  meshes.  The  uectirrenee  oi  hnmy  matter  in  the  epid<  1 
in  the  development  of  the  enamel  <>f  teeth  and  in  nerve  is  an 
interesting  chemical  reminder  that  all  these  tissues  originate 
from  the  same  embryonic  layer,  the  e  pi  blast.  The  fatty  matter 
consists  larjj  iMn,  a   phoephorisod   fat,  and  chol 

monatomic  alcohol.  We  shall  make  a  more  intimate  acquaint- 
ance with  these  chemical  materials  at  a  later  stage  in  our 
studies, 

qjb  the  nerve-fibres  branch  ;  the  branching 
occurs  at  a  node  (fig.  1 20). 




IOO 


[ca.  va 


hx  the  dark   staining  of 


ubsUoee   which  occurs  between  the  segments  of  the 
i ;  tike  other  limb  of  the  cross  Is  doe  tu  the  staining  of 


Tig.  im,- Tranftrere  seetion  of  the  sciatic  nerre  of  a  cat  about  X  too.— It 


( /Wnint'i'i  of  serre-flbfTt  enahea-Jatd  in  a  fibrous  supporting  capsule,  wm~ 
A  ;  eueb  bundle  ha*  a  special  abauth  (not  m&doktly  marked  out  from  & 
m  in  the  figure)  or  fw»n«»B;  the  uerre-fibrea  S / are  aeparated  from  one 
by  r»d<mr*Timm  ;  L,  lymph  spaces ;   At,  artery ;  V,  rein ;   F,  fat.    Somewhat 


an<it her  by 

diagrammatic    (V.  I>.  Hams.) 
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bttmb«r    of    minute    transverse    bands    in    the    axis    cylinder 
I    /('/if,?),   which    is   hero    not    closely   invested    by   the 
medullary  sheath. 

The  arrangement  of  the  n<  B8  in  a  nerve   is  best  seen  in 

nsverse  ieetkn 
The  nerve  is  composed  of  a  number  of  bundles  Of  fimMk  of 


Figf,  i*j,—  Section  acron*  the  *Poon<3  Khanate  nnterior  root  of  the  dog,  Mtninel  with  awraie 

acid.    (Un*k<ll 


nerve  fibres  bound  together  by  connective  tissue.     The  sheath  of 
til*  wbok  nerve  is  called    the  tfuwritri-tttn  ;   thai    of  the    funiculi 

;  that  which  between  the  Bbree  in  i  funi- 

culus, the  mdonturivm  (fig.  122). 

The  eizeof  the  nerve  fibres  varies  ;  the  largest  Bbres  are  found  in 

the  spinal  nerves  irberG  thej  ;nv  144  to  19ft  in  diameter.*   Others 

mixed  with  these  measure  18  to  3*6pu    These  small  nerve-fibres  are 

I   nerves  ;  they  pass  to  collections  of  nerve-cells  called 


micro-millimetre  =  ^  millimetre. 


NF.F.VK. 
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the  sympathetic  ganglia,  whence  they  emerge  as  noiwueduilauW 
fibres,  and  are  distributed  to  involuntary  muscle.  They  are  wdJ 
seen  in  sections  stained  by  osrai  the  black  rinsrs  being  the 

stained  medullary  sheaths  (fig.  i 

The   non-medullated    fibres  or  fibru    of  Remrtk  hare  no 
medullary  sheath  and  are  therefore  devi.id  of   tin    double  i 
of  the   medullated  fibres,  and  are  unaffected  in   appearance  bv 


Fig.  124.— Grey,  or  nan -medulla tc-d  oerve-fl'bre*.  A,  From  a  branch  of  the  olfaetorr 
nerve  of  the  sheep  ;  two  d*rk -bordered  or  white  fibre*  from  the  fifth  pair  are  **o- 
etated  with  the  pule  olfactory  fibres.  B.  From  the  sympathetic  nerre.  x  450.  1IU1 
SchultacJ 

ostnic   acid,      They    consist    of  an   axis   cylinder   covered  by  a 
nucleated  fibrillated  sheath.     Tht  v  branch  frequently. 

Though  principally  found  in  tlm  sympathetic  nerves,  a  few  are 
found  in  the  spinal  nerves  mixed  with  the  medullated  fibres, 


Termination  of  Nerves  in  Muscle. 

In  the  voluntary  muscles  the  motor  nerve-fibres  have  special  c 
organs  called  end-plates.  The  fibre  branches  two  or  three 
(figs.  1  20,  1 25),  and  each  branch  goes  to  a  muscular  fibre.  Here  the 
neurilemma  becomes  continuous  with  the  sarcolemma,  the  medul- 
lary sheath  stops  short,  and  the  axis  cylinder  branches  repeatedly. 
This  ramification  is  embedded  in  a  layer  of  granular  protoplasm 
containing  numerous  nuclei.  Considerable  variation  in  shape  of 
the  end-plates  occurs  in  different  parts  of  the  animal  kin 
Somewhat  similar  nerve-endings  are  seen  in  tendon  -  these 
however  are  doubtless  sensory  (figs.  126,  127), 

In  the  jnvotwniarv  muscles,  the  fibres  which  are  for  the  most  part 
■  ir  in  -medullated  form  complicated  plexuses  near  their  termination. 
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t  Aucrhach  (fig.  ttS)  between  t  (k>  muscular  coats  of  th<' 
ie  is  a  typical  esse,    Qroups  of  in  1  •,<  ,-•  Ik  w ill  be  notio 

Biie  nervous  coeds.    From  these  ptarasei  fine 


ties  pass  off  and  bifurcate  at  frequent  intervals,  until  at  last 
ultimate  fibrilhe  arc  reached.  These  subdivisions  of  the  axis 
cylinders  do  not  snsstooiOM  with  one  another,  but  they  come  into 


Fig.   126.—  Termination   of  medullatwl 
nerre-QbrcB  in  tendon  near  the  miu- 
(Golgi.) 


Fig.  127.— One  of  the  reticulated  end-plate* 
of  flg.  t*6.  more  highly  mogninYd.  a. 
meflullntetl  nerve-fibre;  ft,  reticulated 
end-plate*.    (Qolgi.) 


close  relationship  with  the  involuntary  muscular  fibres ;  though  some 
ologtstl  have  Stated  that  they  end  in  the  nuclei  of  the  muscular 
it  is  now  believed  that  they  do  POt  pass  into  their  interior. 
The  terminations  of  sensory  nerves  are  in  some  cases  plexuses, 


io4 


NEI; 


( [en,  m 


in  others  special  end  organs.      We  shall  deal  with  these  in  our 
■tody  of  sensation.  uro-mnsculur  SpU 


Fig.  1*8.— Flexu*  of  Auerbach,  between  the  two  layers  of  th*  muscular  coat  of  the 
intestine.     (Cfcdimt.) 

Development  of  Nerve-fibrea. 

A  nerve-fibre  is  primarily  ftfl  outgrowti   from  ■  nervi  hodl,  as  is 
shown    in    the    accompanying  diagram,      A    nerve  cell,    tin 


Fijr.  i?<).— Multipolar  nerre-cdl  from  anterior  horn  of  spinal  cord ;  af  axis  cylinder 
process,    (Mai  flcbultae.) 


CH.  FII.] 


IRRITABILITY. 


105 


may  have  many  branches,  only  gives  off  one  process  which  becomes 
axis  fij -limler  of  a  nerve-fibre.  This  acquires  a  medullary  sheath 
when  it  passes  into  the  white  matter  of  the  brain  or  spinal  i  «>nb 
and  I  primitive  sheath  when  it  leaves  the  nerve  -centre  and  gets  into 
the  nerve.  But  at  first  the  axis  cylinder  is  not  sheathed  at  all. 
The  formation  of  the  sheaths  is  still  a  matter  of  doubt,  but 
generally  accepted  opinion  is  that  the  primitive  sheath  is 
formed  by  cell*  which  become  flattened  out  and  mapped  round 
the  fibre  end  to  end.  These  are  separated  at  the  nodes  by  inter 
cellular  or  cement  substance  stainable  by  silver  nitrate  (fig.  121). 
These  cells  are  probably  niesoblastic.  The  medullary  sheath  is 
formed  according  to  some  by  a  fatty  change  occurring  in  the 
parts  of  these  same  cells  which  are  nearest  to  the  axis  cylinder, 
but  it  is  much  more  probable  that  it  is  formed  from  the  peri- 
pheral layer  of  the  axis  cylinder;  the  presence  of  neurokeratin 
ill  it  distinctly  points  to  an  e  pi  blast  ic  origin.  The  fact  also  that, 
in  the  n  the  luedullated    nerve  fibres  have  no  primi- 

>in;iTh.  and  the  phenomena  of  \\  allerian  degeneration,  to  lie 
later,  all  tend  to  confirm  the  same  view. 


CHAPTER  VI]  L 


1URITAHIUTV  AND  CONTRACTILITY. 

Irritability  or  Excitability  is  the  power  that  certain  ti 
possess  of  responding  by  soma  change  to  the  action  of  an  external 
agent.     This  external  agent  is  called  a  stimulus. 

rudifferentiated  cells  like  white  blood  corpuscles  are  irritable  ; 
when  stimuli  are  applied  to  tin  in  Hh  v  execute  the  movements  we 
have  learnt  to  call  anneboid. 

Ciliated  epithelium  cells  and  muscular  fibres  are  irritable  ;  they 
1U1  1  no ve incuts  under  the  influence  of  stimuli. 

Narr€fl  are  irritable;  when  they  are  stimulated,  a  change  i^ 
produced  in  them  ;  tim  change  is  propagated  along  the  nerve  and 
is  called  a  nervous  impulse  ;  there  is  no  change  of  form  in  the 
nerve  visible  to  the  highest  powers  of  the  microscope  ;  much 
more  delicate  and  sensitive  instruments  than  a  microscope  inu>t 
be  employed  to  obtain  evidence  of  a  change  in  the  nerve;  it  is 
of  a  molecular  nature.  But  the  irritability  of  nerve  is  readily 
manifested  h\  the  results  the  nervous  impulse  produces  in  the 
organ  to  which  it  goes ;  thus  the  stimulation  of  a  motor  nerve 
produces  a  nervous  impulse  in  that  nerve  which,  when  it  reaches 


io6 


IRRITABILITY    AND    CONTRACTILITY 


.1  CQOBOle  causes  the  muscle  to  cod  bract :  stimulati-  memory 

nerve  produces  a  nervous  impulse  in  that  nerve  which  iri 
reaches  the  brain  tmmm  a  sensation. 

tuxh  are  irritable  ;    when  irritate*!  or  stinialatoJ 
f  hov  fteotvfa 

The  electrical  organs  found  in  many  fishes  like  the  electric  eel, 
and   torpedo  ray,  are  irritable  ;  when  they  are  stimulate*' 
Liv    riae  to  an  electrical  dischat 

Contractility  is    the    power    that    curtail!  tissues  possess  of 
responding  to  a  stimulus  by  change  of  form.     Contract  il' 
irritability  do  rmt  necessarily  go  together;  thus  both  musr 
nerve  are  irritable,  but  of  the  two,  only  muscle  is  contractile. 

Some  movements    visible   to   the   microscope    are    n 
contractility ;  thus  granules  in  protoplasm  or  in  a  vacuole  may 


-JM 


Fig.  130,— Frog'*  pigment  cell*. 


Figr,  i;i-  Pinrment-oell*  from  the  retina,  a,  cdb 
still  eoheriogt  seen  on  their  *urfare;  a,  no- 
1 11  distinctly  seen.  In  the  other  ctll*  tht 
nucleuf  ii  concealed  by  the  pigment  srrtntiU*. 
d,  two  cell*  seen  in  profile ;  <t,  the  uoter  or 
posterior  part  containing  scarcely  any  pig- 
ment,    x  370.    r.Hcale.) 


often   be   Been    to   exhibit    irregular,    shaking    movements  due 
simply  to  vibrations  transmitted  to  them  from  the  outside. 
movement  is  known  as  Brownian  movement 

Instants  of  OOlitraotility  are  seen  in  the  following  cases: — 
i.  The  movements  of  protoplasm  seen  in  simple  animal  and 
ble    cells ;    in    the    former    we    have    already    considered 
streaming     gliding,    and    amoeboid    movement  (see  p.    rj);   io 
the  latter  case  we  have  noted   the  rotatory  movement!) 
protoplasm  within  the  cell  wall  in  certain  plants  (see  p.  14), 

2,  The  movements  of  pigment  Delia  These  are  well  seen 
under  the  skin  of  such  an  an  in  ml  as  the  frog ;  under  the 
influence  of  electricity  and  of  other  stimuli,  especially  of  iight, 
the  pgment  granules  are  massed  together  in  the  body  of  th 
fearing  Ibe  processes  quite  transparent  (fi^,  130).  If  the  ■frfaiirhfl 
is  removed  the  granules  gradually  extend  into  the  processes 
Thus  the  skin  of  the  frog  is  sometimes  uniformly  dusky, 
and  sometimes  quite  light  coloured.     The  chamadeon  is  an  animal 
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which  has  Income  almost  proverbial,  since   it    pQQBSUCI  the  same 
power  to  a  in  This  function  is  a  protective  one;  the 

animal  approximates   in  colour  that  of  its  stirToundiups  and   ko 
escapes  detection, 

In  the  n  shall  find  a  layer  of  pigment  cells  (fig.  ijO* 

the  granules  in  which  are  capable  of  moving  in  the  protoplasm  in 
a  somewhat  similar  waj  ;   the  normal  stimulus  hew  also  is  tight. 

3.  Ciliary  movement  ;    here  we   b  nich    nmre   orderly 

1st  which  has  already  been  described  (see  p.  31). 

4.  hi   \  mi  tuelhe,  a  spiral  thread  of  protoplasm  in  their  stalk 
'.hies  them  by  contracting  it  to  lower  the  bell  at  the  end  of  the 

stalk. 

5.  In  certain  of  the  higher  plants,  such  as  the  sensitive  and 
carnivorous  plants,  movements  of  the  stalks  and  sensitivS  hairs 
of  the  leaves  occur  Under  tin'  influence  of  stimuli. 

oft       Thi*    for    the    student   of   human 
physiology   is   the  most   important    of  the  series;  it   is   by  their 
■otfli  that    the    higher   animals   (man   included)    execute    tin 
greater  number  of  their  movements. 

If   we  contrast  together  amoeboid,  ciliary  and   muscular  rnovc- 

find  that  they  differ  from  each  other  very  considerably. 

i  movemenl  or  in  any  part  of  an  Amoeboid  cell, 

and   in   any  direction.     Ciliary  and   maatiular   movement   ate 

limited    bo  OtlS   direction  ;    but   they   are   all   essentially  similar, 

ooosisting  of  the  movement  of  byalopiiusa  ia  sod  oat  of  spongio- 
plasm  j   it  is  the  arrant s&Bttl  0<  the  epongioplftUB  that  limits  and 

controls  the  movemenl  vi  the  hyaloplasm  (see  also  p.  91). 

tkmicality.—  in  some  forms  of  movement  there  is  not  only 
order  in  direction,  but  order  in  time  also.  This  is  seen  in  ciliary 
nt,  and  in  many  involuntary  forms  of  muscular  Hornet  such 
as  that  of  the  heart.  Here  periods  of  contraction  alternate  with 
periods  of  rest,  and  this  occurs  at  regular  intervals.  ruder  the 
influence  of  certain  saline  solutions,*  voluntary  SMttfilSI  may  be 
artificially  to  exhibit  rhythmk  ronine  tions. 

tmiliar  instance  of  rhythiui'-  moremsnl  iii  the  inofgaoio 

world  irt  seen  in  I  water-tap  nearly  turned  off  but  dripping  ; 
water  ;er  mutilates  at  the  mouth  of  the  tap  till  the  drop  is  bi^ 
eOQUgfa  to  fall  ;  it  falls,  and  the  process  is  repeated.  If,  instead 
<im  or  treacle,  or  some  other  viscous  substance  is 
"itched  under  similar   circumstauces,  the  drops  fall  much  more 


•  Biedercnann's  fluid   has  the  following  composition  : — Sodium  chloride 
5  grammes,  alkaline  sodium   phosphate   2  gr.t  sodium   carbonate  0,5 
water  1  litre.     If  one  end  of  the  eartorius  of  a  curarised  frog  In  dipped  into 
ntractA  rhythmically  in  a  manner  analogous  to  tlic  heart 


it  pouseuaen  enough 

degrees  or  rata  of 

the  period  of  rest, 

Etn^  ■ 
peri$kdsk  a 
ilar 
i  in  hurrying  its  contents  along, 
m  similar    but     more     complicated 
■  in  a  rhythmic  nnimer. 
rhe  phymlogy  of  aumit  and  nerve  furnish  as  with  I 

i  of  wtudvin*  hrritalafity  and  contractility.      We   shall  have 

.  large  extent*  but  oral 
i  at  the  outset  to  the  voluntary  muscles. 
The  question  may  be  first  asked,  what   evidence  there  is  of 
irritability  hi  muscle  t     May  not  the  irritability  be  a  property  of 
the  nerve-fibres  which  are  distributed  throughout  the  muscle  and 
terminate  in  its  fibres  f     The  doctrine  of  independent  u> 
irritability  was  enunciated  by  Haller  more  than  a  century  ago,  and 
was   afterwards  keenly  debated.     It  was  finally  settled  by  *u 
uncut  of  Claude  Bernard  which  can  be  easily  repeated  kg 
every  student* 

If  a  frog  is  taken  and  its  brain  destroyed  by  pithing,  it  loses 
consciousness  but  the  circulation  goes  onf  and  the  tissue- 
body  retain  their  vitality  for  a  considerable  time.      If  now  a  few 
drops  of  a  solution  of  ctirufY,  the  Indian  arro%\ 
with  a  small  syringe  under  the  skin  of  it?  back,  it  loses  in  a  few 
minutes  all  jjower  of  movement.      If  next  the  sciatic  or  any  other 
ttSTvs    going    bO    tnusde   is    dissected    out    and     stimulated,   w 
ni> W 'Hi- 'j i'    occur!    in    the    muscles   to  which    it   is    distr: 
Curare  paralyses  the  motor  end-plates,  so  that  for  all  pi 
pPIJHUM  the   muscles  are   nerveless;  or  rather  nervous  impulses 
cannot    get   pant    the    end -plates    and    cause   any   etfeet    on    the 

las,     Bat  if  the  muscles  are  stimulated    themselves  they 

runlrrirl. 

Another  proof  that   muscle  possesses  inherent  irritability  was 
adduced  by  Knhnc.    In  part  of  some  of  the  frog'a  musd 
q|  (he  lartorius)  there  are  no  nerves  at  all  ;  yet  they  are  in 
and  contract   wheil  stimulated. 

TIm   i  \ulenee  of  the  statement  just  made  that  the  poisonous 

eflvOt   of    Ourare   is   on    the  end-plates  ia   the   following: — The 

nil  nt    described    proves   it    is   not   the   muscles   that  are 
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paralysed.      It  must  therefore  be  either  the  nerves,  or  the  links 

between   the  ncrvedibrcs  find   the  muscular  fibres.      By  a  process 

it    the  conclusion    that  it  is  tbe.se  links, 

for   the   following  experiment   shows   it    is  nut  the  nerves.     The 

frog    is    pithed    as  before,   and    then    one  of    its    legs    is    tightly 

1  m  to  include  everything  except   the  sciatic  nerve  of 

that   log,      Curare  is  injected  find  soon  spreads  by  t lie  circulating 

blood  all   over  the   body    except  to    the    leg    protected    by    the 

ligature.      It  can  get  to  the  sciatic  nerve  of  that  leg  because  that 

I  not  tied  in  with  the  rest.      The  >ciatic  nerve  Of  the  other  leg 

is  now  dissected  out;  when  the  muscles  supplied  by  it  cease  to 

contract  when  the  nerve  is  stimulated,  the  frog  may  be  considered 

to  be  fully  under  the  influence  of  the  drug.      But  on  stimulating 

the    sciatic   nerve  of    the    protected    limb,   the   muscles  respond 

tiii>  .shows   that    the  nerve  which  has  been  exposed  to 

the  action  of  the  poison  has  not  been  affected  by  it. 


Varieties  of  Stimuli. 

The  normal  stimulus  that  leads  to  muscular  contraction  is  a 
nervous  impulse  ;  this  is  converted  into  a  muscular  impulse 
(visible  as  a  contraction)  at 
the  end-plates.  This  nervous 
impuUc  starts  at  the  iktv- 
centre,  brain  or  spinal  cord, 
Udd  travels  down  the  nerve 
(USCle.  In  a  reflex 
11  the  nervous  impulse 
in  the  nerve-centre  is  suited 
by  I  impulse    from 

the    periphery  ;    thus  when 
one  puts  »»uc">  hand  OH  some 

thing  unpleasantly  hot,  the  hand  is  removed  ;  the  hot  substance 
causes  a  nervous  impulse  to  travel  to  the  brain,  and  the  brain 
reflects  down  to  the  muscles  «>f  the  hand  another  impulse  by  the 
mot«n  m-rvis  uliirh  eaQ*€fl  the  muflolse  to  contract  in  such  a 
milliner  U  to  move  the  hand  out  of  the  way. 

Bill   the  '    in  1     ilLit  contirtetimi    eoj    be    000*6    readily 

lied    ID    muscles   removed   from   the   body  of  such   an  animal 

as  the  ErOgj  and  ina  le  to  eontrai  t  by  artificial  stimuli.      When  we 

have  considered  these,  we  can  return  to  the  lessons  th<'\   teach  us 

about  the  normal  contractions  in  our  own  bodies. 

The    first    thing    to   do    is    to    make    from  a    pithed    frog    a 
wuad&nerpt   preparation      the   muscle   usually  selected   ia   the 


Ffe*  1 J3.— Musdie-oerve  preparation,    r,  femur  ; 
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the  large  muscle  of  the  calf  of  the  leg,  with  the 
sciatic  nerve  attached.  For  some  experiments  the  sartorius  or 
gracilis  mar  be  used ;  but  nearly  all  can  be  d  rated  on  the 

gastrocnemius 

The  tendon  of  the  gastrocnemius  may  be  tied  to  i 
with  a  flag  at  the  end  of  it,  and  thus  its  contractions  rendered 
more  evident ;  the  bone  at  the  other  end  is  fixed  in  a  clamp, 
Stimuli  may  be  applied  either  to  the  nerve  or  to  the  muscle.  If 
the  stimulus  is  applied  to  the  nerve,  it  is  called  indirect 
i$imm  he  stimulus  starts  a  nervous  impulse  which  travel* 

to  the  muscle;  the  muscle  is  thus  stimulated  as  it  is  tn  voluntary 
contraction  by  a  nervous  impulse.  Stimulation  of  the  muscle 
itself  is  called  direct  stimulation.     These  stimuli  may  be  ; 

t.   Mechanical  :  fur  instance  a  pinch  or  blow, 

2.  Chemical     for  instance  salt  or  a -M  >priukled  on  the  uero 


or  muade, 
3.  Thermal 


for  instance  touching  the  nerve  or  mDflck  with 
the   constant  Of"  the   irnl  trent  may  be 


a  hot  wire. 

4,   Electrical 
need. 

Jn  all  eases  the  result  of  the  stimulation  is  R  muscular 
contraction*  of  all  methods  of  artificial  stimulation,  the  electrical 
is  the  one  most  generally  employed,  because  it  is  nu 
control  and  the  strength  and  duration  of  the  stimuli  (shocks)  can 
he  VQgttlfttad  easily.  We  shall  therefore  have  to  study  some 
electrical  apparatus. 

I  Ihemioal  stimuli  are  peculiar,  for  some  which  affect  muscle  do 
nut  affect  nerve,  and  uict  vend;  thus  glycerine  stimulates  nerre, 
but  not  muscle;  ammonia  stimulates  muscle,  but  not  motor 
nerves. 

U V   may  reeard  stimuli  as  liberators  of   energy  ;   muscle  and 
and    otnex    Irritable   structures   undergo  disturhan 
oonaequenc^  of  a  stimulus.     The  disturbance  is  some  form  of 
movement,    visible  movement    in   the  case  of  muscle,   cool 

inent  in  the  case  of  nerve.     A  stimulus  may  be  regarded  as 
added  motion.     Sir  William  Gowers  compares  it  to  the  blow  that 
causes  dynamite  to  explode,  or  the  match  applied  to  a  train  of 
gunpowder.     A  very  slight  blow  will  explode  a  large  quanta 
dynriniitc  ;  a  very  small  spark  will  hre  a  long  train  of  Lrunpowder. 
So  in  BllIBcle  or  nerve   the   effect  is  often   out  of  all  pro] 
the  strength  of  the  stimulus  ;  a  light  touch  on   I 
ih.   body  may  elicit  very  forcible  nervous  and  muscular'!: 
ances  ;  and    moreover,  the  effect  of  the  stimulus  is  propagated 
along  the  nerve  or  muscle  without  1< 
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CONTRACTION    OF    MUSCLE. 


Musclk    undergoes    many    changes    when    it    contracts ;  they 
maj  be  enumerated  under  the  following  live  heads  : — 
i .   Changes  in  form, 

2.  Changes  in  extensibility  and  elasticity. 

3.  Changes  in  temperature. 

4.  Changes  in  electrical  condition. 

5.  Chemical  changes. 

In  brief,  each  of  these  changes  is  as  follows  : — 

1.  C  "*-- — The  musele  becomes  shorter,  nni  1  Mm 
same  time  thicker.  The  amount  of  shortening  varies  K  that  I  he 
length  of  the  mtuole  vrheo  oo&traoted  is  from  65  to  85  per  cent 
of  what  it  ■  dly.     Up  to  a  certain  point,  increase  of  the 

iiL'th  of  the  stimulus  increases  the  amount  of  ■  -out  faction. 
1  atigue  diminishes  and  up  to  about  33  < '.  tin  tppfiemtJOB  ol 
increases  the  amount  of  CQgKl  rut  ion.  Beyond  thi*  t* .'inperature 
muscular  substance  bqgMM  to  be  permanently  contracted, 
and  a  condition  called  heat  rigor,  due  to  coagulation  of  the 
muscle  prot tids,  sets  in   1  little  over  400  C. 

What  the  muscle  loses  in  length  it  gains  in  width  ;  there  is 
no  appreciable  change  of  volume. 

Among  the  ebangefl  in  form  must  also  l>e  mentioned  those 
changes  in  the  individual  muscular  fibres  which  require  & 
microscope  for  their  investigation  •  these  have  been  already 
considered  (see  p.  90). 

2.  Changes  in  *  tjntMKty. — The  contracted 
niu  re  >tretebed  by  a  weight  in  proportion  to  its  length 
than  an  uncontrueted  muscle  with  the  same  weight  applied  t* ■  it  ; 
the  extensibility  erf  contracted  muscle  is  increased  ;  its  elasticity 
is  diminished. 

v. — When  muscle  is  at  work  Qf 
coutr;i«  tin-,  more  energetic  chemical  changes  are  occurring  than 
when    J  J    M    at    ml  |    ©OW    b  'Tit  is  produced    and  its  temperature 

ikia. 

4.  Changes   in    ifatiriaal    condition, — A    contracted    mus<  ]e   is 
trieallj  Degative  to  an  uncontraeted  iiiiim -1. •. 

5,  <  -These  consist  in  an  increased  consump- 
tion of  oxygen,  and  an  increase!  (ttitptll  |  Mich  as 
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carbonic  acid,  and  saroo-lactic  acid.     After  prolonged  com 
the  muscle  consequently  acquires  an  acid  miction. 

These  H\f    sets   of   changes    wiH    form    the    subjects  of  the 
following  five  chapters. 


CHAPTER   X. 

CHANGE  IN  FORM  IN  A   MUSCLE  WHEN  IT  COS  I 

Though  it  has  been  known  since  the  time  of  Eraaistratus 
(b.c.  304)  that  a  muscle  becomes  thicker  nd  shorter  when  it 
contracts,  it  was  not  until  the  invention  of  the  graphic  methyl 
by  Ludwig  and  Heimhultz,  ahmit  fifty  wars  ago,  that  we  p»- 
I  any  accurate  knowledge  of  this  change.  The  main  fact 
jnst  stated  may  be  seen  by  simply  looking  at  a  contracting 
muscle,  such  as  the  biceps  of  one's  owu  arm ;  but  more  el» 
apparatus  is  necessary  for  studying  the  various  phases  in  contrac- 
tion and  the  different  kinds  of  contraction  that  may  occur. 

These  may  be  readily  demonstrated  on   the  ordinary  m 
nerve  preparation  (gastrocnemius  and  sciatic  nerve)  from  a  frog. 
By  the   graphic   method,  one  means   that  the   movement 
corded  by  a  writing.     We   shall  find  that  the  same  method  u 
applied  to  the  heart's  movements,  respiratory  movement*, 
pressure,  and  many  other  important  problems  in  physiology.  Tii- 
special  branch  of  the  graphic  method  we   have  now  to   study  fa 
called  myography  ;  the  instrument  for  writing  is  called 
graph;  the  writing  itself  is  called  rut.      Put  briefly,  a 

myograph  consists  of  a  writing  point  at  the  end  of  a  lever 
attached  to  the  muscle,  and  a  writing  surface  which  travels  at  a 
uuifonn  rate,  on  which  the  writing  point  inscribes  its  movement 

The  first  thing,  however,  that  is  wanted  is  something  to  Bl 
late  the  muscle  and  make   it  contract;  the  stimulus  is   usually 
applied  to  the  nerve,  and  the  form  of  stimulus  most  frequently 
employed  is  electrical. 

The  galvanic  battery  in  most  common  use  is  the    Daniel? 
It  consists  of  a  well-amalgamated  zinc  rod  immersed  in  a  cylinder 
of    porous   earthenware  containing    10  per  cent  sulphuric 
this  is  contained  within  a   copper  vessel   (represented   as   trans- 
parent for  diagrammatic  purposes  in  fig.  133)  rilled  with  saturated 
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i   of  copper  sulph  <  h  metal   lias   a  binding  screw 

I  bo  it,  to  which  wires  can  be  fastened*     The  rinc  rod  is 
■>,  the  copper  the  negai  »*.     The 

*1  ends  of  the  wi  rind  to 

exiled  fxy?<*  of  electrode^ 
the  pair  of  electrodes  maybe 
ijtlv  held  in  a  special  form 
holder.       The  electrode  attached 
the 
lleil  tli  -    poli   0*  hUl 

it  attached  to  the  negative  ele> 
nent  (copper)  ti  called  the/) 
A  ot  aftedfe     U  noi  the  two  elee- 

de*  are  connected  together,  to 

galvanic  or  tc/Mkmi  eiir- 

rinws  from   the  copper  to  the 

outride   the  battery,  and    from 

he  zinc  to  the  copper  through   the 

-    of  the   battery;  if   the   eJeo- 

bodes  arc  not  connected  the  ourcU  ie  broken,  end  do  current  can 

flow    at   all.      Jf   nuw  a   nerve   qc   muscle    is    laid   across  the  tWO 


CuS& 


u 


CnSt*-\— 


Fig.  ij$.— I'iaffmtu  ul  *  D&niclTB 

beltwj. 


electrodes  the  circuit  is  completed, 
and  it  will  bo  noticed  at  the  moment 
of  completion  of  the  circuit  the  muscle 

enters  into  con  traotioo;  if  the  muscle 
is  lifted  off  the  electrodes,  another 

tl«m  OOCUXS  at  the  moment  the  circuit  is  broken.    The  same 
ii  done  more  conveniently  by  means  of  a  key  :   fig.  134 
k.p.  1 


Fig,  i'H  -A.  Du  tktia 
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represent*    two    common    forms    of    key.      A     I  piec 

which  the  current   can  Ik-   allowed    to 
through  I  or  muscle  laid  on  the  el 

u  the  current  is  broken,  as  in  the  next  figure  (fi^ 
when  it  is  closed  the  current  is  allowed  to  pass. 
the  key  is  called  Itreak ;  the  closing  of  the  key  i*  called  «*ai*.    A 
contraction  occurs  only  at  make  and  break,  not  wl 
quietly  traversing  the  nen  lolc. 


i 


lint  it  will  be  seen  in  the  Du  Bois  Lieyruond  key  (fig.  134 
there  are  four  binding  screws,   Tins  key  is  used  aa  a  bridge  or  short 
circuiting  /*<;/,  and  For  man 

ti     The  next  diagram  (fig.  136)  represents  this  di. 
The  two  wires  from  the  battery  go  one  tu  end)  aide  of  th 
the  electrodes  come  off  one  from  each  aide  of  the  key.     Wk 


i 


Fig.  ij6. 

key  in  open  do  current  can  get  across  it,  and  thi 
run.  nt   baa  to  go  to  the  electrodea  with  the  nerve 
them  ;   but  wlien  the  key  is  closed,  the  current  ifl  cut  off  from  the 
nerve,  as  then   practically  all  of  it  goes  by  the  metal    bri 
shod  out,  back  to  the  battery.     Theoretically  a  small  amoi 
current  goes  through  the   nerve  ;   hut  the  resistance  of 
ttasaes  to  electrical  currents  is  enormous  as  compared  to  that  or 
metal,  and  the  amount  of  electricity  that  flows  through  a  eon  I 
is  inversely  proportional  to  the  resistance;  the  resistance  in  thfl 
metal   bridge  is  so  small  that  for  all   practical  purposes,  all  the 
current  passes  through  it. 

Another  form  of  electrical  stimulus  is  the  induced  current^  pro- 
duced in  an  induction  coil. 

In  1  battery  of  which  the  metals  are  connected  by 

VI    have    seen    that    the    current    in    the    wire    travels   from   tli 
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[jper  tu  the  zinc  ;  if  we  have  a  key  OD   tin-   me   ol    tbli  wire 

mat  can  be  made  or  broken  at  will.     If  iu  tin*  tieighboar- 

of    this  wire   W€    have    a    B600Ild  'ig   a    complete 

nothing  what  ri  is  tl  while  the  current  ii  flowing 

through  the  hrst  wire,  but  at  tin    h  making  or  breaking 

current  in  the  first  or  momentary  electrical 

current  ocean  in  the  ttcondorp  iwre,  which  ii  called  an  induced 
current;  and  if  thfl  BOOOnd&iy  aih  is  not  a  complete  circle,  but 
its  two  audi  arc  connected  by  a  nerve,  this  induction  shuck  tra 


t 

! 


Fig.  137.— Dn  Boia  Itcjrnioud's  induction  coil. 

the  nerve  and  stiiu ulates  it  ;  tins  causes  a  nervous  impulse 

travel  to  the  muscle,  winch  in  000861)110100  OCmtn 

If  the  first  and  second  wii 
is  increased,  because   each  turn  of   the   primary  coil  acts   induc- 
tively on  each  turn  of  the  secondary  coil. 

The  direction  of  the  current  induced  in  the  secondary  coil  is 
the  same  as  that  of  the  con  cut  in  the  primary  coil  at  the  break  ; 
in  the  Opposite  direction  at  the  make.  The  nearer  the  secondary 
coil  is  fee  the  primary  the  stronger  arc  the  currents  halm-en1  ia 
the  fori  1 

Fig,   137  represents  the  Du  lloiw  Reymond   coil,  the  one    -<  m 
rally  employed   in  physiological    experiments,      t   is   the   primary 
cod,  and  d  and  tf  its  two  ends,  which  are  attached  to  the  battery, 
a  key  Vicing  interposed  for  making  and  breaking  ;    */  is  the  secom 
dary  coil,  the  two  terminals  of  which  are  at  its  far  end  ;  to  these 

t  electrodes  to  the  nerve  are  attached  ;    the  distance  between 
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the  two  coils,  and  so  the  strength  of  the  todnotioo  « 'im-cntt,  can 
be  varied  at  will.  It  is  only  when  the  primary  current  is  made 
or  broken,  or  its  intensity  increased  or  diminished,  that  indttctan 
shocks  occur  in  the  secondary  circuit  which  stimulate  the  nerve. 
j  one  wishes  to  make  or  break  the  current  rapidly  the 
automatic  interrupter  or  Warner's  hammer  seen  at  the  right-hand 
erf  the  diagram  is  included  in  the  circuit* 

The  next  thing  to  be  noticed  is   that   the   break   effects  are 
stronger  than  the  make  effects  ;   this  iVlt    by  placing  die 

electrodes  on  the  tongue.     This  is  due  to  what  is  called  Faraday's 
extra  current.     This  is  a  current  produced  in  the  primal  v 
the  inductive  influence  of  contiguous  turns  of  that  wire  ou  each 
other;  its  direction   is  against  that  of  the  battery   cun 
make,   and  so  the  make  shock  is  lessened.      At  »k  the 

extra  current  is  of  such  short  dn  ban   the 

is  broken  there  can  be  no  current  at  all)  that  for  all  practical  pur* 
may  be  considered  as  non-existent. 

The    sana*  difference  of  -ly  in   the 

repea:  ia  produced  b\  Wagner*!   hammer.     Helmholtz,  to 

obviate  this,  introduced  a  modification  now  known  after  him.     It 
Itfl    in   bridgiii.  urrent   by   a   side    wire,  so   that   the 

current  never  out  inly  ceases  in  the  primary  coil,  but  is  alter- 
nately Strengthened  and  weakened  by  the  rise  and  fall  of  the 
hammer;  the  strengthening  corresponds  t<»  the  ordinary  make, 
and  is  weakened  by  the  make  extra  current,  which  occurs  in 
the  opposite  direction  to  the  battery  current  ;  the  break  is  also 
incomplete,  and  so  it  is  weakened  by  the  break  extra  current, 
which  being  In  the  same  direction  as  the  battery  current  impedes 
its  disappearance. 

The  two  next  diagrams  show  the  way  the  interrupter  acts.  We 
are  suppose*!  to  he  looking  at  the  end  of  the  primary  coil;  the 
battery  wires  are  attached  to  the  binding  screws  A  and  E  (fig. 
138),  The  current  now  passes  to  the  primary  coil  by  the  pillar 
on  the  left  and  the  spring  or  handle  of  the  hammer  as  far  as  the 
screw  (C) ;  after  going  round  the  primary  coil,  one  turn  only  od 
which  is  886X1,  H  twists  round  a  pillar  ol  soft  inm  »*u  the  right- 
hand  side,  and  then  to  the  screw  E  and  back  to  the  batten*  ; 
the  result  of  a  current  going  around  a  bar  of  soft  iron  is  to 
make  it  a  magnet,  so  it  attracts  the  hammer,  and  draws  the 
spring  away  from  the  top  screw  C,  and  thus  breaks  the  cm 
the,  current  ceases,  the  soft  iron  is  no  longer  a  magnet,  so  it 
releases  the  hammer  and  contact  is  restored  by  the  spring  ;  then 
the  same  thing  starts  over  again,  and  so  a  succession  of 
and  make  shocks  occurs  alternately  and  automatically. 


ii7 

In   Heimlich/   modification  (fig.    139)  the  battery   wires    are 

onnected  as  before.     The  interrupter  is  bridged  by  I  wire  from 

»0  shoun  in  6g.  137,  r).      C  is  raised  out  of  reach,  and 

the  lower  screw  K  is  brought  within  reach  of  the  spring      Owing 


Fig.  138. 

the   wire   B<\   the  vibration  of    the    hammer    never    entirely 

-  the  current 

Instead  oi  Wagner1!  hummer  a  Long  vibrating  reed  constructed 
on    the  same  principle  is  often   used.      This  has  the  advantage 


Fiff.  130, 


that  the  rate  of  vibration  can  be  varied  at  will  by  means  of  a 
sliding  clamp  which  fixes  the  reed  so  that  different  lengths  of  it 
can  be  made  to  vibrate.  If  a  long  piece  of  reed  vibrates,  it 
does  so  slowly,  and  thus  successive  induction  shocks  at  long 
intervals   can  be  sent  into   the  nerve.      But    if  one    wishes   to 


The  bony  origin  of  the  patfrocnemiu*  m  held  firmly  bv  forceps, 
the  tendo  Adaillw  tied  to  m  weighted  lever ;  the  cod  of  the  lexer  is 
provided  with  a  writing-point  anch  as  a  piece  of  pointed  parchment ; 
when  the  tntiacle  contract*  it  polk  the  lever  np»  and  this  a>o?e- 
fuent  ii  inagmficd  at  the  end  of  the  lever.  Tbe  writing-point 
aerate***  on  a  piece  of  glazed  paper  covered  with  a  layer  of  soot ; 
the  paper  i*  wrapped  round  a  cylinder.  When  the  lever  goes 
<•   writing-point  will  mark  an  upetroke ;  when  it  falls  it 
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will   mark   a   down-atrokc,   and   if  the  cylinder  is   tm veiling, 

aiII  t>6  written  on  ■  different  pul  of  the  piper 

than  the  up-stroke ;  thus  ii  muscle  curve  or  myogram  is  <>!> 

boned.  The  paper  may  then  be  removed,  ▼arniflhed,  and  preserved. 

Fi»_r.  141  allows  u  somewhat  different  arrangement 

The   muscle   is    fixed    horizontally    on   a   piece   of   OOffc    B,    one 
end  being  fixed  by  1  pin  thrust  through  the  knee-joint    Into  the. 


Fig.  141. — Arrangement  of  the  apparutu*  newaaary  for  recording  rouwle  contraction*  with 
a  revolving  cylinder  carrying  Hniokcd  pap-r.  A,  revolving  cylinder;  H,  the  unn-.  I-- 
arranged  upon  a  eark-coverra  board  which  i*  i  apable  of  being  raiaed  or  lowered  on  the 
■  ved  along  a  solid  trianifular  bur  of  imlul  attachea  |o  tin- 
Da**-  iparatua— the  tendon  of  the  gafltroenefDiua  i*>  attached  to  tin* 
wnt:1  ted,  by  a  ligature.  I  idea  from  the eteoudu 
pa**  to  the  aerve— being,  for  tin-  take  of  owmrntenee,  ftj^t  of  nil  brooghl 
circuiting  key,  D  Du  B  C,  the  induction  coil ;  F,  1  in  tln> 
fig.  a  bienr'-i                   I ■'.  (he  ksf    Mone'eJ  in  tba  porfnafny  •  in  nit, 

cork  j  the  tCfldo  AehiNis  is  tied  to  a  weighted  lever:  the  Lever 
is  so  arranged  that  it  reste  on  a  screw  till  the  muscle  begin* 
contract  ;  the  muscle  therefore  doea  riot  feel  the  weight  i i  1 1  it 
begins  to  contract,  and  gives  a  better  contraction  than  if  it  hud 
been  previously  strained  by  the  weight.  Tins  arrangement  is  culled 
after- loaf  iiwr. 
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The    writing   surface   m   again    a  travelling  cylin 
covered  with   smoked  glazed  paper.     The  rest  of  th 
•hows  how  cell,  coil,  keys,  and  electrodes  are  applied   with  tat 
object  of  stimulating  the  nerve. 

The  key   E  make*  and   breaks  the  primary  circuit,  but  die 
effect   h  only    t&  by   the-  muscle- nerve    preparation   wb 
short-circuit  in*.'  key  I)  in  the  secondary  circuit  is  opened. 

Instead  of  the  key  K  it  w  better  to  hare  what  is  cni 
"  kick-over  "  key  which  the  cylinder  by  wean*  of  a  bar  projecting 


fig.  n|;'.     D11  Ron  R«ymoac)aH  Bpring  myograph.      MKi^nd 

from  it  knocks  over  and  so  breaks  the  primary  circuit  'luring  the 
oonxseofa  revolution.     The  exact  position  cH  the   writing^pomt 

at  the  moment  of  break  f  that   is  the  moment  of  ion,  can 

then  be  marked  on  the  blackened  paper. 

Besides  the  travelling  cylinder  there  are  other  forms  of  writing 
surface.     Thus  fig.   J42  represents  the  spring  mj  of  Du 

Bois  Reytnond.  Here  a  blackened  glass  plate  is  shot  along  by 
the  i« -mil  of  a  spring  ;  as  it  travels  it  kicks  over  a  key,  and  the 
result  of  this,  the  muscular  contraction,  is  written  on  the  plate. 

The  pendulum  uti/rtf/raph  (fi^.  1 43)  is  another  form.       II e re  the 
imcnt  of  the  pendulum  ulnujj:  a  certain  are  is 
the  clockwork  of  the  cylinder,  or  the  spring  of  fhi  Boffl  I: 
The     pendulum   carries  a    smoked  glass  plate   upon   which   the 
writing-point  of  the  muscle  lever  is  made  to  mark.     The  break 


ch.  *,]  myographs.  *2i 

shock  is  sent  into  ttw  nerve  preparation  by  the  pendulum 

in  it?*  swing  opening  h  k«v  in  the  primary  circuit.     Thw  is  shown 
in  m  1 1  ok  in  BC  (fig.  143). 


145  -8lmpl  niulum  myograph  and  ncociaaory  part*,    A,  nivut  Upon  which 

pwndultnn  awingv  ;   JJ,  catch  on  lowei  end  of  nmttfiajih  opening  the  key,   C,  in  its 
•wing:  O*  ■  nyogTmph,  an  indicated  hjr  dotted  lint-**,  and 

on  pruiiing  down  the  handle  of  whi.  I  ilmn  ^wintr*alon>j  the  are  t«.  /'  on  the 

left  of  figure,  and  10  caught  by  it*  *prin£. 
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of  which  is  kept  nioitt  br 
elaborate  fonn  of 


To  keep  the  prepare  tiou  f  re*h  i 
I*  covered  with  a  glui  shade,  the  I 
mean*  of  wet  blotting?  paper.     A 

mrAM  rfvimUr  U  thown  in  fig.   1 44- 

Tb*  hurt  piece  of  apf *tnu  o*  necessary  is  a  time-marker,  so  that 
the  eveou  recorded  in  the  myogram  ran  be  timed.  The  aimpWt 
time-marker  is  a  toning  fork  vibrating  100  times  a  second.  This 
is  struck,  and  bj  means  of  a  writing-point  fixed  on  to  one  of 
the  prongs  of  the  fork,  these  vibrations  mar  be  written  beneath 

njogram.     More  elaborate  forms  of  electrical  time- marker* 

monographs  are  frequently  employed. 


The  Simple  Muscle  Curve. 

We  can  now  pass  on  to  results,    and  study  first    the 
of  a    single  induction  shock  upon  a    muscle-nerve  preparation. 


Far  i45,-8implemttBcte-*i2m.    (M,  lad 

A  itagls  momentary  stimulation  causes  a  single  or  simple  viut- 
ntlur  ooaJractfal,  or  us   it    is  often  called  a  twitch.      The  graphic 
rtoord  of  such  a  contraction  is  railed  the  nmph  muacU 
One  of  tln^r  is  shown  in  the  preceding  figure  (Hj_r.  145). 

Tin-  upper  line  (m)  representa  the  curve  traced  by  the  si 
tin*  lever  iu  connection  with  a  muscle  after  stimulation  <>f  the 
muscle  hv  a  single  induction  shocli  :  the  middle -i  -  that, 

described   I  r,  which  indicates  by  a  sudden  diop  the  exact 

toatant  at  which  the  induction-shock  is  given.     The  lower  wary 
line  (I  tuning  fork  vibrating   200  times  a  second, 

m\<\  s,  ure  precisely  the  time  occupied  in  each  part  of 

(he  contract  ion. 


X,] 


TUK    SIMPLE    Mrsri.K    rr];Vl 
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It   will  be  observed  that  after   the    stimulus   has    been   applied 
at*  u  by  tbfi  vertical  line  .*,  there  is  an  interval  before  the 

contraction  commences  as  indicated  by  the  line  e.  This  interval, 
tanned  (a)  the  latent  period,  when  measured  by  the  number  of 
the  tuning  fort  between  the  lines  isnd  e,  is  found  to 
be  about  rJ, ,*'<••  During  the  latent  peritxl  there  is  no  apparent 
change  in  the  urn 

second  part  is  the  (©)  stage  of  contraction  proper.    The 

er  is  raised  by  the  contraction  of  the  muscle.     The  contraction 

is  at  ffr  rapid,  but  then  progresses  re  slowly  to  its 

maximum,  indicated  by  the  line  six,  drawn  through  its  highest 
point.  It  occupies  in  the  figure  |f  atea  ('')  ^no  IM>X|  ■**W 
stage  of  elongation.     After  reaching  its  highest  point,  the  lever 

j ms  to  descend,  in  consequence  of  tin  m  ol  the  muscle. 

At    first  the   fall    is  npid,  hut  then    becomes  more  gradual  until 
lever  readies  the  ahwi*m  or  base  line,  and  the  muscle  attains 
its  pre-  m    length)  indicated    in  the  figure   by  the  line  c. 

The  stage  occupies  t|jOeoond.  Very  often  after  the  main  con- 
traction the  lever  rises  our.'  or  twice  to  a  alight  degree,  producing 
small  curves  (as  in  tip.  147).  These  contractions,  due  to  the 
►institute ;  the  ('/)  Stage  of  elastic  after- 
vibration,  or  contraction  remeinde 

Tlw  u  oocupu  e  abotri  /„  ol  id.     With 

regard  t«>  the  latent  period,  if  should  be  pointed  out  that  if  the 
mu  timulated  indirectly,  i-e.,  through  its  nerve,  some  of  the 

apparent  lost  tune  is  occupied  in  the  propagation  of  the  nervous 
impulse  along  the  nerve.  To  obtain  the  true  latent  period,  this 
must  be  deducted.  Then  there  is  generally  latency  in  the 
apparatus,  friction  of  the  lever,  &&,  to  be  takm  into  account. 
This  can  be  ^ot  rid  of  by  photographing  the  contracting  muscle, 
on  a  sensitive  photographic  plate  travelling  at  an  aeeurntely- 
timed  rate.  By  such  means  it  is  found  that  the  true  latent 
iod  IS  OlUCh  shorter  than  was  formerly  supposed.  It  is  only 
-j-^y  o  twL     fo  red  muscles  it  is  longer. 


We  now  come  to  the  action  of  various  fiftctorn  in  modifying  the  character 
-imple  tun- 

I.  J/r  trtH/fth  ofstimuiuM. — A  minimal   •stimulus  is  that  which 

is  just  oogfa  to  gi?e  s  contraction.     If  the  strength  of  stimulus  is 

increased  the  amount  ol  contraction  u  mi  ;tsured  by  I  of  the  curve 

is  increased,  until  ft  certain    point   ifl  maximal   stimulus),  beyond 

which  the  Stimulus  produces  no  increase  in  the  amount  of  con- 

n.     The  latent  period  is  shorter  with  a  strong  than  with  I 
Stimulus. 

a.  Injfiurnre  f*fUad.—Vp  to  a  certain  jmint  increase  of  load  increases  the 
nnjonrrt  ofcoata  md  which  it diaji nfshes,  until  at  Ui*t  a  weight 


PI*   i*l  —  Vm&ria*  curre,  takes  en  a  rtry  •lowlf-trftveUmg  cfli&dcr;  ihgtizn* 
iTtftff  Tft  iCcCHni 


THE    MUSCLE-WAVE. 
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<hown  by  dropping  some  warm  suit  solution*  on  to  the  muscle  before 
heat  (above  400  c.)  induce*  htat  r*$**r  due  to 
>n  of  the  muscle-proti 

ratrifw, — If  this  is  injected  Into  the  frog  before  the  m 

made,  the  very  remarkable  re  ling 

•  lucvd  on  stimulation  ;  t.b<  onoroioofl  proloiigattaa  "f 

relaxation;  marked  bj  a  secondary  ri*«,  and  -  by 

datiou  this  effect  passes  off,  but  returns  after 


The  Muscle-Wave. 


vt  of  a  muscle  which  is  the  part  where 

the  nerve  fibrefl  enter  ;  but  nerve  impulses  are  so  rapidly  carried 


,  }.  -Arrangement  for  tracing  the  muscle-wave.     (M'Kem.lrii k, | 


to  all   the   fibres  that   fur  practical    purposes  they  all  contract 

together.     But  ii  less  muscle,  that  is  one  rendered  physio- 

logi'  are,  if  om  the  muscle  is  stimu- 

late^ travels  as  a  wave  of  thickening  to  the  other 

luscle,  and  the  rate  of  propagation  of  this  wave  can  be 
i  graphically.    The  above  figure  (ng.  1 49)  represents  one  of 
ethods  that  have  been  devised   for  this  purpose 
A  hi  ith  long  parallel  fibres,  like  the  sartorius,  is  taken  ;  it 


BfologSeal  saline  solution  nsed  for  bathing  living  tissue  is  a  0.65  per 


— i  mre  placed ;  it  u 
opened   by  the 
of  ptoccr 

tamboor  with  a  it- 

offo 

f  pincers  (  z >  guea  up  later, 

of  pincers  is  measure!, 

of  th*  second  bra 

for  calculating  the 

It    i»    *i*.n*    ^   t|l 

by   warmth 


The  Effect  of 


Fig.  iM>  -Timaax  d  ft  doable 
mmdi  wm*  engaged  to  the  J 
▼wed,  to 


TV.  b* 


tkU 


by  the  dotted  boe)t  a  ■ao«d  ■itoiiiiiu  ih  ■!  i  i u„ 

to  *Urt  from  the  lint,  as  does  the  dnrtfrom  tL>  b*«  to* 


tracting  under    the    influence   of   the  first,   a  second  eun 
be  added   to   the   first,  as  shown   in   the  acoompsitying  diagram 
(fig.  150),     The  third  little  curve  is  only  due  I  after 

vibration.     This  is  called  mptr-poriticm)  or  summit  I  ftcU 

If  the  two  stimuli  are  in  such  close  succession  that  the  second 
OO0IUI  during  the  latent  period  of  the  first,  the  result  will  differ 
according  as  the  stimuli  are  maximal  or  submaxiinal.     I: 
uru  maximal,  the  second  stimulus  is  without  effect  ;   but  if  sub- 


CH 


IKIAM  > 
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maxima],  tin/  two  stimuli  are  added  together,  And  though  pro- 
sing -i  simple  muscle  curve,  produce  hoc  which  is  bigger  than 
i    hwe  produced  separately.     This  is  gntnntatwn 

Effect  of  More  than  Two  Stimuli. 

Just  as  ;i  BEfirmrf  stimulus  adds  its  curve  to  that  written  as  the 
result  of  the  first,  so  a  third  stimulus  superposes  its  effect  on  the 


..  off  inoomplf  tc  tftamu,  obtained  from  the  fra*trocneriiitui  of  a  frog,  when.* 

.  nt  in  from  an  Induction  coilt  about  nixteen  time*  a  second,  by  Uw 

inteiniptkm  of  the  primary  current  by  mean*  of  a  vibratmj  h  dipped:  into 

n  con  luid  broke  the  primary  current  at  euuh  vibration.     { Tracing  to  be 

read  right  bo 


fourth  on  the  third,  and  so  on.     Each  sucefssive  incre- 
ment   b,  however,  smaller  than   the   preceding,  and  at   last  the 
muscle  remains  at  a  maximum  contraction,  till  it  begins  to  relax 
iguo. 


Fff.  15*.-  Curve  of  complete  tet&nuA.  from  a  nerie*  of  very  rapid  tbodDI  from  a  magnetic 
interrupter.    (Tracing  to  be  read  right  to  b  ft  | 

A  succession  of  stimuli   may  be  sent  into  the  nerve  of  a  nerve* 

muscle  preparation  by  means  of  the  Warners  hammer  of  a  coil,  or 

vibrating  reed  previously  mentioned  {p.  117).     This  method 

of  stimulation  in  called  faradisation.      Figs.  151  and    152    show 
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MUSCULAR    CONTRACTION. 


the  kind  of  tracings  one  obtains.     Tln^  number  of 

corresponds  to  the  number  of  stimulations  ;   the 

longed   contraction  so  produced,  the  muscle  never  r« 

pletely  between  the  individual  contractions  of   which  it  is  made 

up,   is  called    I  incompb  r    eiofMUt, 

iip  I ] vidua]  contractions  are  discernible  (tig.  151);  tompleU 

as  in  fig.  152,   when  the  contra  ly  fused  to 

form  a  continuous  line  without  wav 

The  rate  of  faradisation  necessary  to  cause  complete  t 
varies  a   good  deal  ;  for  frog's   muscle  it  averages  15  to  20  per 
MBQIld  ;  for  the  pale  muscles  of  the  rabbit,  20  per 
more  slowly  contracting  red  muscles  of  the  same  animal.  10  per 

idj  ami  for  the  extremely  slowly  contracting  mus 
tortoise  2  per  second  is  enough.    With  fatigue,  the  rate  nc&emuj 
to  produce  complete  tetanus  is  diminished. 

Voluntary  Tetanus. 

We  have  leen  that  voluntary  muscles  under  the  influence  cf 
artificial  stimuli  may  be  made  to  contract  in  two  ways  ;  a  single 
excitation  causes  a  single  contraction  ;  a  rapid  aerie*  of  excitations 
causes  a  series  of  contractions  which  fuse  to  form  tetAQtUL 

We  now  come  to  the  important  question,  in  which  of  these  two 
ways  does  voluntary  muscle  ordinarily  contract  ID  the  body?  The 
answer  to  this  is,  that  voluntary  contraction  is  always  a  tetanus, 
never  a  twitch.  The  nerve-cells  from  which  the  motor  fibres 
originate  do  not  possess  the  power  of  lending  isolated  [mpu 
the  muscles;  they  send  a  series  of  impulses  which  resul 
muscular  tetanus*,  or  voluntary  tttamts^  as  it  may  conveniently 
be  termed. 

If  a  stethoscope  is  placed  over  any  contracting  muscle  of  the 
human  body,  such  as  the  biceps,  a  low  sound  is  heard.  The  tone 
of  this  sound,  which  was  investigated  by  Wollaston,  and  later  by 
Hclmholtz,  corresponds  to  thirty-six  vibrations  pel  i  ;    this 

was  regarded  as  the   first  overtone  of  a  note  of  1 
tions  per  second,  and  for  a  long  time  18  per  second   was  believed 
to  be  the  rate  of  voluntary  tetanus. 

The  so-called  "muscle  sound  "  is,  however,  no  indication  of  the 
rate  of  muscular  vibration.      Any  irregular  sound  of  low  inr 
will  produce  the  same  note;  it  is,  in  fact,  the  natural  reeoaane* 


•  The  use  of  I  he  word  tetanus  in  physiology  must  not  be  coat 
the  disease  known  by  the  same  name,  in  which  the  most  marked  symptom  is 
an  inteuj^ondition  of  museular  tetanus  or  eramp. 


VOLUNTARY    TETANUS. 
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tone  of  the  membrane  tympani  of  the  ear,  run],  therefore,  selected 
by  the  organ  of  hearing  when  we  listen  to  any  irregular  mixture 
of  low  tours  and  ooi& 

A   much  more  certain   indication   of  the  rate  i i-f  voluntary 

tetanus  is  obtained   by  the  graphic  method,     Tito   myographs 

hith'  oribad  are  obviously  inapplicable  to  the  investigation 

problem  in  man.     The  instrument  employed  i>  termed 

nyofpraph.     Tin- next  figure   shows  the  recording 

part  of  the  apparatus 

It  is  called  1  Ifarey't  Tambour  It  consists  of  a  drum,  on  the 
membrane  ol  which  is  a  metallic  disc  fastened  neurone  end  of 
a  lever,  the  far  extremity  of  which  carries  a  writing  point.     The 

Screw  to  regulate  elevation  of  lever. 


Writing1  lever. 


T  aaboBc, 


Tub*-'  to  receiving 
tambour. 


Fig.  153.— Mftrpy'fl  Tambour,  to  which  the  movement  of  the  column  of  air  fn  the  flrst 
tnxulMJur   it   conducted   by  a  tub*?,    and   fwin   whi<  li    il    in    fxmimtmJoftted    by  the 
toar<  •'  the  tracing  of  the  movement  la  obtained. 


interior  of  the  drum  is  connected  by  an  india-rubber  tube  (seen  at 

the  right-hand  end  of  the  drawing)  to  a  second  tambour  - 

the    receiving    tambour,    in  which    the  writing   lever  is  absent. 

mbour  is  held  in  the  hand,  and  the  thumb 

on  the  metallic  dise  on  the  surface  of  its  membrane,  the 

air  within  it  11  set   into  vibrations  of  the  sauie   rate  as  those 

occurring  in   the  thumb  muscles;  and  these  are  propagated  to 

the  recording  tambour  and  are  written  in  a  magnified   form  by 

the  end  of  the  lever  GO  R  recording  travelling  surface. 

The  tracing  obtained   is   ?ery   like  that  in   fig.    151  ;  it  is   an 
1;;  ,  which  by  a  time  marker  can  b    sees  to  be 
lip  of  10  bo  12  vibrations  a  aecond. 

uses  these  tremors  are  much  increased,  as  in  the 

donie  convulsions  of  epilepsy,  or  those  produced   by  strychnine 

poisoning,  but  the  rate  ia  the  same. 

Similar  tracings  can  be  obtained  in  animals  by  strapping  the 

Hng  tambour  on  the  surface  of   a  muscle,  and  causing  it  to 

w&tract  by  stimulating  the  brain  or  spina]  cord.     The   ri 

K 


however  slow  or  fart  tbe 
the  nerve-cclb  of  tbe  central  ner 
\  at  their  ovd  normal  ra t e. 
Tbe  ium  is  Men  in  *  reflex  action.  If  a  tracing  is  taken  fno 
a  frog's  gast  rocnemius,  >ae  muscle  being  left  in 
the  rest  of  the  body,  iu  tendon  only  being  severed  and  I 
lever,  and  if  tbe  sciatic  nerve  of  tbe  cither  leg  m  cut  through,  and 
the  end  attached  to  tbe  spinal  cord  is  stimulated,  an  impuW 
up  to  tbe  eelk  of  the  cord,  and  is  then  reflected  <loimto 
tbe  gastrocnemius  under  observation*  The  impulse  has  thus 
to  traverse  nerve-cells ;  tbe  rate  of  stimulation  then  makes  no 
difference  ;  tbe  reflex  contraction  occurs  at  the  same  rate,  to  or  11 
per  second 


But  now  a  difficult v 


if  a  twit  occupies 


second,  there  would  be   time   for   ten    complete    tuitrhes  in  i 
second  ;  they  would  not  fuse  to  form  even  an  incomplete  tetania 
There  must  be  some  means  by  which  each  individual 
can  be  lengthened   till  it  fuses  with  the 
other  words,  our  results  of  electrical  stimulation  of  excised  i 
must  not  be  applied  without  reserve  to  tbe  contraction  of  the 
intact  muscles  in  tbe  living  body  in  response  to  the  will.    It  a 
probable  that  all  the  fibres  in   a  muscle   do   not   contract  simul- 
taneously, and  in  some  muscles  different  fibres  contract  at  dif- 
ferent rates. 

Ltvrr  Syinwii. — The  arrangement  of  the  xxi  -tidon*»aad 

bonM  presents  examples   of  the  three  systems   of  lei 
will  he  known  to  anyone  who  baa  studied  mechanics ;   the 
of  anatomy  will  have  DO  difficulty  in  finding  examples  of  all  three 
systems  in  the  body.     What  is  most  striking  is  that  the  m 
of  cases  are  levers  of  the   third  kind,  in  which  there  is  a 
the  mechanical  power  of  a  lever,  though  again  in  the 
■pjd  extent  Of  the  movement. 

Must  muscular  acts  involve  the  action  of  several  muscle*,  oftec 
of  many  muscles.  The  acts  of  walking  and  running  are  example* 
of  very  complicated  muscular  actions  in  which  it  is  neeessarv  Dot 
only  that  many  muscles  should  take  part,  but  also  must  do  soil 
their  proper  order  and  in  due  relation  to  the  action  oi 
and  antagonistic  muscles.  This  harmony  in  a  complicated  not* 
citlar  action  is  called  &*-<*»  I  intttton. 

By  the  device  of  taking  instantaneous  photographs  at  rapidly 
repeated  intervals  during  a  muscular  act,  uls  of    I 

modes  of  locomotion  in  man  and  other  animals  faavi 
thoroughly  worked  out.     With  this  branch  of  research  the  name 
Oi  iVof.  Marey  is  intimately  associated. 


CH.  XI.] 


EXTENSIBILITY    OP    MUSCLE. 
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CHAPTER  XL 

EXTENSIBILITY,  ELASTICITY,  AND  WORK  OF  MUSCLE. 

Muscle  is  both  extensible  and  elastic.  It  is  stretched  by  a 
weight,  that  is,  it  possesses  extensibility ;  when  the  weight  is 
taken  off,  it  returns  to  its  original  length,  that  is,  it  possesses 
elasticity.  The  two  properties  do  not  necessarily  go  together; 
thus  a  piece  of  putty  is  very  extensible,  but  it  is  not  elastic ; 


Kg.  154.— (After  Waller.) 

a  piece  of  steel  or  a  ball  of  ivory  are  only  slightly  extensible,  but 
after  the  stretching  force  has  been  removed  they  return  to  their 
original  size  and  shape  very  perfectly. 

A  substance  is  said  to  be  strongly  elastic,  when  it  offers  a  great 

resistance  to  external  forces :  steel  and  ivory  are  strongly  elastic. 

A  substance  is  said  to  be  perfectly  elastic,  when  its  return  to 

its  original  shape  is  absolute  ;    again  steel  and  ivory   may  be 

quoted  as  examples. 

Muscle  is  very  extensible,  i.e.,  it  is  easily  stretched  ;  it  is  feebly 
elastic,  i.e.,  it  opposes  no  great  resistance  to  external  force ;  it 
*&,  however,  perfectly  elastic ;  that  is,  it  returns  to  its  original 
shape  very  exactly  after  stretching.  This  is  true  in  the  case  of 
living  muscle  within  the  body,  but  after  very  great  stretching 
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even  in   the  body,  and  still   more  so  after  removal  from  the  body 

when  it  begins  to  undergo  degenerative   cha 

death,  Iti  elasticity  ie  leas  perfect     The 

tissue  is  less  than    that  of    tendon,     E.   Weber    stated  thai  a 

frog's  muscle  one  centimetre   square   In    b  *ill 

support  a  weighl  of   i  kilogramme  (over  2  Lba»)  without 

but  this  diminishes  as  the  muscle  gradually  dies 

The  extensibility  of  any  material  may  be  studied  and  records] 
by   measuring  the  increase  of    length  which   ocotm   when 
material  is  loaded  with  different  weights.    In  Helmhultz'  myograph 
(fig.  140),  different  weights  may  be  placed  in  the  seal  ie&lh 

the  muscle,  and   the  in  of  length  recorded   on  a  at 

blackened   cylinder  by   the   downward   movement  of    tru 
point  ;  the  cylinder  may  then  be  moved  on  a  short  distance,  mow 
weight    added,  and   the  additional    increase    of    lor  1  _ 
recorded,  and  so  on  for  a  succession  of  weights. 

If  thin  experiment  is  done  with  some  non  li\  a,  like 

a  steel    spring  or  a    piece  of   india-rubber,  instead  of  n 
muscle,  it  is  found  that  the  amount  of  stretching   is  pm|»ortional 
to  the  weight  :  s  weight  =  2   pi  t  tension    twice  is 

great  as  that  produced  by  a  weight .=  t  ;  in  this  way  one  obtain* 
a  tracing  like  thai  seen  on  the  left  banc!  of  figure  T54,  and  the 
dotted  line  drawn  through  the  lowest  points  of  the  extensions!* 
a  strain  hi 

With  muscle,  however,  this  is  different  ;  |  ch  SUOOeSSlfe  ad- 
dition of  the  same  weight  produces  smaller  and  smaller  incre- 
ments of  tttension.  ami  the  (lotted  linr  obtained  is  a  curve. 

A  continuous  curve  of  extensibility  may  be  obtained  by  placing 
a  gradually  and  steadily  increasing  force  beneath   the  muscle 
instead  of  fl  succession  of  weights  added  at  intervals.      The  most 
convenient  way  of  doing  this   is  to  use  a  steel    spring,  whir 
gradually  and  steadily  extended  ;  and  the  writing  point  conn 
to  the  muscle  inscribes  its  excursion  on  a  slowly  moving  cylinder. 
If,  then,  after  the  muscle  has  been  stretched,  the  steel  sprii: 
gradually  slid  steadily  relaxed,  the  muscle  relaxes  and  again  write* 
a  curve  now  in  the  reverse  direction,  until  it  rej  Lfl  original 

length.*     But  in  muscles  removed  from  the  body,  unless  they  are 
very  slightly  loaded,  the  return  to  the  original   length 
complete;   the  muscle  is  permanently  longer  to  a  alight  exi 
which  varies  with  the  amount  of  the  previous  loading. 


*  A  mathematical  examination  of  these  enrvea  allows  that  they  arc  not 
/nlar  hyperbola,  as  they  w  idered.     They  are  Terr  vari- 

able in  form  and  cannot  be  identified  with  ntiy  known  mathematical  enrre. 
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If  the  muaole  ia  slowly  loaded  and  slowly  unloaded,  tlie  oorva* 
ire  of  its  tracing  is  much  mm  marked  thnii  if  the  experiment 
done  rapidly. 

The  following  tin  gsare  reproduced  bom  soma obtained 

I>r.   Brodie.      In  the  method  used,  the  reootda  are  not  com- 
licated  by  the  eurre  <»f  a  lever,  but  the  movement  was  simply 
lified  bj  «>f  light  falling  on  a  mirror  attached  to  the 

of    the    canocta,  and 
od  to  1  travelling 
rapbic  plate.     Bach 
ring  h  to  be  read  bom 
left  ;  the  fir»l 
L)    shows     the    result    of 
ag  a  steel  spring  by 
force  ; 
and  of  the  spring  gets 
rer  and   lower,  and  de- 
rih.  line  ;  a1 

the  apei  of  the  tracing 
unloading  began  anil  went 
on  steadily  till  the  spring 

initial     length.       The     up 

-tn>k*_v  like  tl townatmkft, 

is  a  straight  tine*  In  \\ 
and  C  ng  re  used  ; 

it  will  be  noticed  that  the 
muscl**  does  not  peg  tin  its 
original  length  after  unload 
and  that  after  unload- 
ing the  upward  tendency 
of  the  tracing  represents  after-relaxation.  In  J'.,  tin  extension 
was  applied  rapidly,  the  tracing  is  almost  a  straight  line;  in  C, 
the  extensjon  waa  thought  about  more  slowly,  and  the  tracing  ia  a 
curve;  in  both  eases  the  tracing  ■  *t  the  perunl  of  unloading  shows 
more  curvature. 

This  introduces  US  to  what  is  catted  *t/f<  r  SfftaWtOSJ  and  nftrr 
relaxation.  That  is  to  say,  after  a  muscle  is  weighted  there  is  an 
immediate  elongation,  followed  by  a  gradual  elongation  which 
continues  for  some  time  ;  or  if  a  muscle  has  been  weighted  and 
is  then  unloaded  there  is  an  immediate  slackening,  followed  by  a 
gradual  after  relaxation. 

This  may  he  shown  by  looking  at  the  graphic  records  shown 

in   the   next   diagram.      It  will   he   noticed    that    the   extension   is 
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greatest  wheu  the  muscle  is  in  a  contracted  condition,  and 
smallest  when  it  is  dead  (in  rigor).  In  fatigue  tbe  after  extension 
is  Terj  marked,  and  the  return  after  unloading  very  i 

We    may  now   give    the   results  of   an    actual    experirru 
muscle  was  loaded  with  successive  weights  of  50,   100,  150,  etc.. 
grammes,  and  its  length  carefully  measured  iu  centimetres* 


Load      .... 

SO 

IOO 

•r 

200 

250 

po 

Total  extension          .     . 

J"* 

6 

95 

10 

I0j 

Increment  of  esi 

28 

2 

'5 

05 

03 

Figure  156  shows  that  the  contracted  mtu 

sible  than   the  uneoutraeted   muscle.      This    mm  H  further 

illustrated  by  an  example  giTen 
on  the  opposite  page  En  the  form 
Of  a  diagram. 

The  thick  lines  represent  the 
oontaacted  muscle,  the  thin  ones 
the  mi  contracted.  It  is  repre- 
i  h  being  stivt* !■• sd  by  dif- 
ferent weights  indicated  along 
the  top  line  ;  and  the  lengths 
under  the  influence  of  these 
iits  are  separated  by  equal 
distances.  Thus  A  C  represent* 
the  length  of  the  uncontracted 
muscle,  A  II  of  the  contracted 
DUlBOle  when  unluath-d. 
and  A'  V  t  lie  same  under  the  in- 
♦hi ence  <>f  a  weight  of  50 grammes, 
and  so  on. 

The  curve  connecting  the  ends 
of  the  lengths  of  the 
muscle  falls  faster  than  that 
obtained  from  tbe  uncontracted 
one,  until  at  the  point  I*  under 
the  influence  of  a  weight  of  250 
grammes,  the  two  curves  meet; 
that   is  to  s.»  1  m  1  tries  is 

the  weight  which  the  muscle  is 
just  unable  to  lift.  Suppose  1 
muscle  has  to  lift  tie 
200  grammes,  it  begins  with  a  length  A"  Cv,  hut  when  it  con- 
tracts it  lias  a  length  Av  B",  that  is,  it  has  contracted  a  dwtance 
of   B"  C",  which  is  very  small  ;  when  it  has  to  lift  a  lesa  weight 


ttt  rigor 

r  Utamta 

Normal 
Fatigued 

r 

Fig*  15*3.  -  Extensibility  of  tnuicJe  in 
fllfletenl  lUtea;  r<*u*rl  by  yi  (Trammel 
upplied  for  abort  i*>riodH.  Txwduga  to 
In*  h.mI  fnitu  left  to  right.  (After 
Wall,: 
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shortens    more,  when  a  greater  weight  it  shortens  less  ;   till 

1  nut ens  least  it  lifts  the  greatest  WOtght 

This   experiment   illustrates  the   general    truth  that   when  a 

muscle  is  contracted  it  is  more  extensible.     At  the  point  P  the 

to  shorten   tile  muscle  (its  contractile  power)  in 

tiactly  etjual  t<»  tin  fending  to  lengthen   it  against  its 

Thus  we   have  the  apparent  paradox  at  this  point 

that  a  muscle  when  contracted  has  exactly  the  same  length  as 

when  uncon  true  ted  ;  but  this  is  a  matter  of  everyday  eatperieooe; 

if  one  trice  n*  lift  a  weight  beyond  one1*  strength,  one  fails  to 

raise  it,  hut  nevertheless  inn's  muscles  have  been  contracting  in 


Cvfttractid 
Uncontmcted 


Fig,  157* 


the  effort;  they  have  not  contracted  in  the  mmi  sense  of 
becoming  shorter,  hut  that  is  not  the  only  change  a  muscle 
undergoes  when  it  contracts  ;  the  other  changes,  electrical,  ther- 
mal, chemical,  etc.,  have  taken  place,  as  evidenced  in  one's  own 
person  by  the  fact  that  the  individual  has  got  warm  in  his  eflb 
\en  feel  fatigue  aftorwaa 
the  paradox  does  not  end  here,  for  if  diagram  157  is  again 
looked  at,  it  will  he  eft  Q  that  beyofixl  the  point  V  the  two  curves 
cross;    in  other  words,  the  muscle  may  even  elongate  due  to 

tease  of  extensibility  when  it  contracts,     Tins  is  known  after 
its  discoverer  as  Webi  r.<  paradox, 

ftttf  Temperature  on   Extensibility, — If  a.  piece  of  toed 

india-rubber  is  taken  and  stretched  by  a  weight,  its  retractility 
when   the   weight   is   removed    is   very   sinalL      !ft  now,  when  the 

weight  is  on  it,  it  is  wanned  at  one  point  as  by  placing  the  hand 
on  it,  its  retractility  is  increased  and  it  contracts,  raising  the 
weight.      Some  physiologists  have  considered  that  muscular  con- 
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traction  can  be  explained  in  this  way ;  they  have  supposed  that 
tho  ht-v.  fori  ue* 1  in  muscular  contraction  acts  like  warmth  as 
applied  to  india-rubber.  This  view  is,  however,  incorrect.  It  is 
much  i nop.*  probable  that  there  is  no  causal  relationship  between 
the  temperature-chance  and  the  extensibility-change  which  occur 
whon  mu-icle  ron tracts :  Wh  are  simultaneously  produced  by  a 
com ii ion  cau-f.  called  a  stimulus. 

Moreover,  the  influence  of  heat  on  muscle  is  by  no  means  the 
name  as  that  on  india-rubber.  This  influence  is  not  invariable, 
and  at  certain  ten j (jurat u res  near  the  freezing-point,  and  under 
the  influence  of  certain  weights,  actual  elongation  may  occur  when 
the  temperature  is  raised. 

Muscular  Tonus. 

In  the  living  animal,  muscles  are  more  or  less  stretched,  but 
never  taut  between  their  two  attachments.  They  are  in  a  state  of 
tonicity  or  tonus,  and  when  divided  they  contract  and  the  two  parts 
separate.  Thus  a  muscle,  even  at  rest,  is  in  a  favourable  condition 
to  contract  without  losing  time  or  energy  in  taking  in  slack. 

Muscular  tonus  is  under  the  control  of  the  nervous  system 
(on  the  reflex  character  of  this  control,  see  later,  under  Tendon 
Reflexes) ;  the  muscles  lengthen  when  their  nerves  arc  divided, 
or  when  they  are  rendered  physiologically  nerveless  by  curare. 
Resides  the  nervous  system,  the  state  of  muscular  nutrition 
dependent  on  a  due  supply  of  healthy  blood  must  also  be 
reckoned  as  important  in  maintaining  muscular  tonus. 

Work   of  Muscle. 

The  question  of  muscular  work  is  intimately  associated  with 
that  of  elasticity.  In  a  technical  sense,  work  (W)  is  the  product 
of  the  load  {/)  and  the  height  (/*)  to  which  it  is  raised.     W  =  /xA. 

Thus  in  tig.  157,  when  the  muscle  is  unloaded  the  work  done 
is  ni.' .  \Y  ==  I  If  x  0  =  O.  When  the  load  is  250,  again  the  work 
done  is  N 1 .".  because  then  /*  =  O.      With  the  load  50,  W  =  B'C X  50. 

If  the  height  i>  measured  in  feet  and  the  load  in  pounds,  work 
:>  expressed  in  terms  of  font -pound*.  If  the  height  is  measured 
:::  :ir.ii:inetiv>  or  metres,  an  i  the  load  in  grammes,  the  work  is 
lAvrcNM'd  m  ^ ran  1  mo  millimo:iv>  or  gramme-metres  respectively. 

V  n  ma\  Iv  >hi»\%n  viuurammatically  by  marking  on  a  hori- 
■,^-..:V.  Uino  hue  or  :d"»c!**a  distances  proportionate  to  different 
»»':j;".;:s.  and  Nvrjica*  ;:::c>  orii:;aU>i  drawn  through  these  repre- 
ss-; ::;/  :u^i;:  ;o  wi.vh  ::uv  Arc  lifted  t  see  tig.  15SU 
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In  the  diagram  |  fig,  158)  the  long  tlie  base  line  represent 

Homes,  nod  the  figures  along  the  vertical  line  represent  milli- 
The  work  done  as  indicated  by  the  first  line  la  10  x  5  —  50 
gramme  millimetres,  the  next    20x6=120  gramme  millimetres, 


■  ij^rmni  to  «h  >1  iiicutAuhng  iuiim'Ic  «-nrk.     ,M*K'*adrick.) 


and  so  Ott,  while  the  last  OD  the  right)  100X3  =  300  granime- 
mittimetrea,  It  is  thus  teen  that  the  height  of  a  muscle  curve  is 
no  measure  of  the  work  done  bj  the  muscle  unless  the  weight 
lifted  is  taken  into  aocoiml  us  well, 

The  following  figures  are  taken  from  as  actual  experiment  done 
with  tie  (strocnciniiLS  (Weber): — 


Weight  lifted. 


mora 

'5       « 

30 


Height, 

Wurk  done. 

276  niilliniLii 

8S'1 

M'45 

138  gramme-millimetres 

276 
286 
219 

The  work  in«  1I1  tin  weight  up  to  a  certain  maximum, 

after  which  a  diminution   occurs,  mure  or  less  rapidly,  according 
as  the  muscle  is  fatigued, 

Similar  experiments  have  been  made  in  human  beings,  weights 
being     lifted     by      the 
calf    nv«  elbow 

ige  being 

allowed     for.        In     the 

r       animals       the 

_v        s<>       obtained 

compared      with      the 
1.1  mi  twice  us 

mr  the     same 

volume     oi  muscular 

ate. 

Pig.    159  represents    a    OOBUttOD    form    of    dynamometer    for 

clinical   use,  employed   in    testing   the   muscles  of   the  arms  and 


j .  —  DyrutmonicUT . 


L  sad  is  otmrewlT  not  doe 
;  the  war  in  which  th»  part 


like 


fl*  far**  Imp 
kite 

fc»|«rk4»s 
fMlta  stofiytf  icsi  of  the 
U  ear**  ft*  varied 

AuMr*  that  relaxation  u  an 

rf^—M  a  muscle  m  loaded  by  a  weight  that 
*lon  remains  constant  throughout  its  contract  i 

by  the  mascle-leTer  U  called 
muscle  roatract*  against  a  larger  resistance  like  I 
the  muscle  remains  almost  unaltered,  bul 
asioti  in  it  nJntetl  to  those  in  the  *priiJir,  and  will  b 
**  traced  hy  the  musde-lcver.      Such  a  cunc  is  calM 
ft<t,i,t,  ix i mum  »r^.ner  than  the  isotonic  « 

»*f  ihr  fostw  described  by  ihe  earlier  ob>erTers  wa»dQt 

be  iriHtrumeuts  used. 
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CHAPTER   XIL 

THE  BLBCIBIGAL   PHKHOM&&I   W   K00GLE 

Wie  have  seen  that  the  chemical  proc  urring  in  muscular 

>it  lead  to  a  transformation  Of  energy  into  work  and 
heat.     These  ch  ai  < 000  in  pan  ied  by  electrical  disturbances 

■lao. 

The  history*  of  animal   electa  orme  omo  of  the  most 

fascinating  of  chapters  in  physiological  discovery.  It  dates  from 
1786,   when    Ualvani    made   his  first    oh  ,s.      (lalvani   was 

Professor  of  Anatomy  and  Physiology  At  tlie  rniversity  of  liologna, 
and  his  wife  was  one  day  preparing  sonic  frogs1  lega  for  dinner, 
when  she  noticed  tli.it  the  appirently  dead  legs  became  convulsed 
when  sparks  were  emitted  from  a  frictional  electrical  machine 
which  stood  by.  Galvani  then  wished  to  try  the  effect  of 
lightning  and  atmospheric  electricity  0D  animal  tissues.  So  he 
hung  up  some  frogs'  lege  f<»  the  iron  trellis  work  round  the  roof 
of  his  house  by  means  of  copper  hooks,  and  saw  that  they  con- 
tracted whenever  the  wind  blew  them  against  the  iron,  He 
imagined  this  to  be  due  to  electricity  secreted  by  the  animal 
tissues,  and  thin  new  principle  was  called  CWumiMH.  Hut  all 
his  friends  did  not  agree  with  this  idea,  and  most  prominent 
among  his  opponents  was  Yolta,  Professor  of  .Physics  at  another 
Italian  university,  Pa  via.  He  considered  that  the  muscular  con- 
tractions were  not  due  to  animal  electricity,  but  to  artificial 
electricity  produced  by  contact  with  different  metals. 

The  controversy  was  a  keen  and  lengthy  one,  and  was  ter- 
minated by  the  death  of  Galvani  in  1798.  Before  he  died,  how- 
ever, he  Lrave  to  the  world  the  experiment  known  as  w contraction 
without  metals,"  which  we  shall  study  presently,  and  which  con- 
lively  proved  the  fti  intense  of  animal  electricity.  Volta,  how- 
ever, never  hclievefl  in  it.  In  his  hand  electricity  took  a  physical 
turn,  and  the  year  after  (hdvanis  death  he  invented  the  Voltaic 
pile,  the  progenitor  of  our  modern  batteries.  Volta  was  right  in 
maintaining   that   gahanisin   can    be    produced    independently  of 

animals,  but  wrong  in  denying  that  electrical  currents  could  be 


■  fall  rod  inter*  ount  of  tliis  subject  tin  reader  is  referred 

-sur  Bi'Keadrick'fl  "Text-book  of  Physiology,'1  ?oL  L,  chap,  xviii. 
1!  in  the  text  in  mainly  a  brief  summary  of  this  chapter. 
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obtained    from   animal    tissues.      imlvani    «M  riulit  in   maintain- 
ing the  existence  of  animal  electricity,  but  wrong   iit 
that  the  contact  of   dissimilar  metals  with   tissues   proved  hia 
point. 

This  conclusion  baa  been  arrived  at  by  certain  m 
hrreatigatioD.     In    1820  Oersted  discovered 
that  is,   when   b   galvanic   current   passes  along   a    wire  near  1 
magnetic  needle,  the  needle  Que  w*y   or  flw 

aeoordifig  to  the  direction  of  the  current.  This  led  to  the  inven- 
tion of  the  astatic  needle  and  the  galvanometer,  an  installs 
which  very  weak  electrical  em-rent*  can  be  detected.  For  a  long 
time  the  subject  of  animal  electricity,  however,  fell  largely  into 
disrepute,  beoause  of  the  quackery  thai  grei  up  around  it-  It  in 
not  entirely  free  from  this  evil  nowadays  ;  bill  the  »eicntific  in* 
vestigatiou  of  the  lia?    led    to  a   col  ibI< lei  able  increase  of 

knowledge,  and  among  the  names  of  modern  physiologists  associa- 
te.! with  it  must  he  particularly  mentioned  those  of  Du  Bois 
Reymo&d  and  Hermann. 

Before    we   can    Study    these    it    is,  ho\v»  v    that  we 

should  understand  the  instruments  employed. 

The  Galvanometer* — The  essential  part  of  a  galvanometer  a 

a  magnetic  needle  suspended   by  ■«  delicate  thread  ;  a  wir 


J 
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round  it  :  and  if  a  current  flows  through  the  wire,  the  needle  is 
deflected.  Suppose  a  man  to  be  swimming  with  the  current  with 
his  face  to  the  needle,  the  north  pole  is  turned  to  the  left  hand. 
Hut  siieli  a  simple  instrument  as  that  shown  in  fig,  160  would  not 
detect  the  feeble  currents  obtained  from  animal  tissues.  It  is 
necessary  to  increase  the  delicacy  of  the  apparatus,  and  this  is 
done  in  several  ways.  In  the  ur«t  place,  the  needle  iaukt  be 
rendered  astatic,  that  is,  independent  of  the  earth's  magnetism. 
The  simplest  way  of  doing  this  is  to  fix  two  needles  together  (at 
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^^11  in  tiur-   i^»Oi  the  nwth  pok  of  0O6  pointing  the  s;une  way 
the  other.     The 
ti    bd    over   one    needle    and 
.  11  Qfrei  the  other  j  the  -  ffed  is  to 
produce  1  deflection   in   eaob   in  the 

■n,  atad  10  the  Beturitivsi 
«»f  the  ui-t rinn*iit  is  doubled     If  now 
the  wire  is  eoOed   11* »t  only  CQO%  but 
tire  position,  each 

I.  is  its  effect  on  the  needlea  ; 
mnltiplicatlonof  I  ofe  weak  cur- 

rent in  this  way  i.<<  tooomplished  tnaotnid 
gadTanoroeiari  by  many  hundred!   «»f 

turns  of  * 


Ffc.  16*,  —  Reflecting  galvanometer.  (Thomson.) 
A.  The  galvanometer  consiwta  of  two  system* 
of  small  static  needles  suspended  by  a  fine  hair 
from  a  support*  no  that  each  act  of  needle*  is 
mtlv  >i«-r  wire,  that 

flUllugtlM  liivuaufl  bataig  wonon  in  an  opposite 
direction  to  the  ujj»  i  Aitm-hrd  to  the  upper 
act  of  needles  i*  a  small  mirror  about  J  inch 
in  diameter;  the  light  ban  the  lump  at  B  is 
thrown  upon  this  lit t IV  mirror,  and  is  n  flee ted  upon 
ttseecalc  on  the  other — i « I  •  -  of  B,  not  shown  in  figure. 

/  art*  arranged  upon  bra**  urn 
and  their  ends  arc  earned .  to  the  binding 
screws.  The  whole  apparatus  is  placed  upon  a 
vulcanite  plate  capable  of  being  levelled  by  the 
•crew  support*,  and  is  covered  by  a  brass-bound 
gla**  shade,  the  cover  of  which  in  ahsD  of  bra**, 
and  support*  a  brass  rod  a,  on  whn  b  moves  a 
weak  mrved  magnet  m,  i  la  the  inunl  by  means 
of  which  th«  amount  of  the  current  sent  into  the 
galvanometer  maj  be  regulated.  When  in  use  the 
scale  is  placed  about  thiafi  feat  from  the  galvano- 
meUr,  which  is  arranged  eaat  and  treat,  the  lamn  in  lighted,  thejminor  if  madi*  to 
swing,  and  the  light  from  the  hime  '  upon  it,  and  .dilated 

until  the  reflects  I  hi  from  it  falls  upon  the  zero  of  the  scale.      I 

the  n<  n-]>olariaab]* deuUuue  >-*-»!  to  the  (inter  binding 

•crew*  of  the  galvanometer,  a  key  intervening  f«  ir  abort  cdrcuitang,  or  if  a  portion  only 
of  the  current  i*  bo  pant  into  the  (rnlvanmnetrr,  the  shunt  ibooMuitorvmv 
thf  appropriate  plug  in.     Wi  ,s  into  the  galvanometer  tile  needles, 

and,  with  r  *ht  or  left  according  to  th 

the  current.    The  amount  .  i  th«    !•  flection  of  the  needle  is  marked  on  the  «mle  by  the 
spot  of  light  travelling  along  it. 
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.    162    illustrate*    the   best     g&lvai. 
William  Thomson  (now  Lord  K  led  a  m 

galvanometer,  because  the  obeci 

moving  needle,  hut  a  spot  <»t   Kght  r  mirror, 

which  i  the  needle      \ 

movement   of  U»e 

it  of  li^ht   1* 
r — namely,  the  beam  of  li^ht,  iiuiguihen  it. 
Non-polari&able  Electrodes, — If  a  galvaiv 
with  ,«  (nnaele  hv  wires  which  touch  the  w  imcnu 

obtained  in    the  circuit  which  are  set    up  by 
!   with  muscle.     The  current*  so  obtained  form  1 
of    eli  ve    force    in  itself.      ! 

necessary    that   the  wires  from  meter  should   ha\e 

interposed  between  mi  of  eh' 

which   are   iion~polarifia1>i<  16; 

shows  one  of  the  earli  K  darittMe 

electrodes  of    I  hi    Boia    1  It 

I  vulcanite 
se.     The  i tmer  surface  of  the  trough 
is  amalgamated  and  nearly  filled  with 
a  saturate*!  solution  of  zinc  sulphate 
In  the  troiL  laced  a  cushion  of 

blotting-paper,  which  projects  over  the 
edge  of  the  trough  ;  on  it  there  is  & 
pad  of  china  clay  or  kaolin,  moistened 
with  physiological  gait  flotation  (0^6  per 
ceut,  NaCI)  ;  on  thi<  pad  one  end  of  tin? 
The  bind]]  h)  oonneote  the  instrument  to  the 

the  other  end,  <*r  the  middle  of  the  same  niu- 
connected  by  another  iion-[x»larisabh  electrode  in  the  same  I 
the  otln  v  siiir  of  tin  galvanometer.     If  there  ii  any  eleetrioi]  dif- 
ference ol  potential  (that  is,  difference  in  amount  of  posit; 
negative  electricity)  between  the  two  parts  nf  the  muscle  thus  led 
off,  there  will  be  a  swing  of  the  galvanometer  needle  ;  the  galvano- 
meter detect*  the  existence  and  direction  of  any  current  that  occurs, 
Kiur-    i<m    shows    a    more  convenient   form  of    non-polarisahle 
electrodes. 

In  cider  to  measure  the  at  1  lcc?tr»nu>tivc  force)  of  such  cm 

the  mere  amount  of  swing1  of  the  needle  is  only  a  very  rough  indi 
and  in  accurate  work  the  following  arrangement  must  be  used  (fig.  165). 
Tli*1  eteel  romotive  force  is  usual  ly  measured  in  terms  of  a  standard   I 
cell.     The  two  surfaces  of  the  muscle  (M)  are  connected  to  a  galvanometer 
(B)  ;  the  needle  swings,  and  then  a  fraction  of  a  Daniel]  cell  is  intrc 
in  the  reverse  direction  SO  as  to  neutralise  the  muscle  Current, 


Fig.  i6t,~lfoa-pal 

trode  of  Dtt  h* 
(H'KMidrick.) 


muscle  rests, 
galvanometer  : 


UiMltnun  of  Da  Bofs  Ri  ymrwid'a  nui^Ui-Uable  e]ectr<Hl"*  a,  gla**  tube  filled 
with  ft  fUituniUil  vilnl inn  of  xinr  *TjIphut*\  in  the  <  n«J.  r,  nf  *tn 
oat  to  ft  point;  the  day  in  moiitcned  wfth  0*6  NftQ  rotation;  in  thr  ■alwtfoB  a  well 
ftnudgftinfttiHl  Kin**  rod  w  immersed  and  cannrctal,  by  means  t  if  th*»  wine  \,  with  t It-- 
galvanometer.  The  remainder  of  the  npp»nitu.H  in  .simply  fur  aoOTeuience  uf  npplica- 
turn.    The  muscle  and  the  cud  of  the  second  electrode  are  to  the  iij<hl  of  the  Hyon?. 

ibUfltg  tin-  pbterrei  to  nun  thnt  the  current  from  the  Daniel] 
in  the  opposite  direction   to  that   produced  Of  the  muscle.     If  the 
ll  placed  at  the  end  h  of  the  compensator,  the  whole  strength  of 
the   Daniell   will   be   sent   through  the  irrdvanometer  and  will  more  than 


Fig.  i65.-Arraagement  for  measuring  the  electromotive  force  of  muscle. 
(M'Keudink 

ulise  the  miwle  current  :  if  0  is  half  way  between  a  and  &T  half  the 

lieU's  strength  will  be  sent  in  ;  but  this  is  also  too  much  ;  ae  will  be  found 

I)  only  quite  a  small  fraction  of  ah  \  and  this  fraction  will  correspond 

r 0  ;t  proportional  fraction  of  the  electromotive  force  of  the  Darnell  cell. 

Lippmann'e  Capillary  Electrometer. — This   instrument  is  often  QBOd 
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instead  of  Ibe  gal  ranonieter.     It  consist-  of  a  plaa*  tube  draw* 

end   to  *  tine  capillary  and  filled  with  mercury.     It   i- 

apparatus  by  which  the  pramm  Y»c  lowered  or  increase! 


Fig.  1 66. — Lippriyinn'a  Cap  taanatftr.       Altera 

i    Prcsunre  apparatus  and  micxoaoope  on  rtand  of  which  the  capillary  lobe  b 

fixed, 
»«  Capillary  tub*-,  hx^d  in  outer  tube  containing  loper  cent.  Nulphmie  add 

(he  platinum  wires  are  aluo  nhown. 
j.  rapiliury  and  column  of  mercury  as  teen  in  the  field  of  the  microscope. 


Fig.  v        J  i  iii Turn.    Simultaneous  phutopraph  of  <*  f  ingle  U, 

1'1-ot  black   lint« ],  ami  the  accompanying  electrical  rJjnn^-  Indicated  by  tfc* 
the  bhu-k  area,  which  *Iiowb  the  varying  level  of  mercury  in  *  capillar* 
Waller.) 


INK     lillKuTo  ME. 


MS 


The  open  capillary  I  within  another  tube  filled  witli  lo  per  cent. 

vulp!  Two  platinum  wire*  fused  through  the  glass,  pass  respectively 

aercary  and  the  acid,  and  the  oil  -  arc  conn* 

i  ortions  of  the  surface  of  a  muscle.    The  capillary 


Fig*.    iW.-Hurawi    hmrt.       Diphaxii:    variation,     eb,    atid    winiultuTjeoiin    cardiogram, 
I'mie  tt  is  marked  in  ^tn  second*    The  Imd-nffn  to  tb«  ^apillmy  deotroaact. 
from    the   mouth  to  the  sulphuric  acid,  ami    from   the   left   foot  to  the  mercury. 
(Waller.) 

is  observed  by  a  microscope  ;  the  surface  of  the  mercury  is  in  a  state  of 
which  is  easily  increased  »>r  diminished  by  variations  of  electrical 
;ntial,  and  the  mercury  moves  in  the  direction  of  the  negative  pole. 
If  tht»  shallow  of  the  mercurial  column  is  thrown  upon  a  travelling  sensi- 
tive photographic  plate,  photographs  are  obtained  which  show  the  electrical 


Fh/.  169.— Wchetne  of  »  Rhmtotro        Waller.; 

variations  in  a  Living  tisane  in  a  graphic:  manner,    The  instrument  is  exceed- 
ingly  sensitive  and   Its   indications   are   practically    instantaneous.     Figs, 
I  16S  indicate  tin   kind  of  result  one  obtains  with  the  heart,  which 
will  be  nion   fully  discussed  whtm  wc  are  considering  that  organ. 
The  B-heotome, — This  is  an  instrument  by  means  of  which  the  time  of 

K.1%  !• 


to  the  gafrino 
Mock*  1100  the  disc  over  which  the 
time  to  neutralise  my 
ie«(nL  If  an  electrical  eh 
by  the  eaJrxaaoetcr  if  at  the 
t&e  two  brass  blocks  on  the  duc.*ad 
aa  be  set  so  that  the  bar  make* 
wrta  the  galvanometer  cor 
m  aasfle.  I,  2.  3.  Jcc  bmvdredths  of  1  second 
If  tbe  two  are  closed  simultaneous! j  thr 
m  tapped  off  at  the  awimcnt  of  excitation ; 
*  ^r  fiU  t±  *c.  second  alter  excitation. 
attaai  articular  instant  is  ascertaintd 
the  *w*fc«ftf 
after  the  excitaiion  the  chsiigt 


We  can  now  pass  00  to  a  consideration  of  results. 
In  muscles  that  are  removed  from  the  body,  it  is  found  that 
on  leading  off  two  parts  of  their  surface  to  a  galvanometer,  the 


Fig.  17c— Dingnun  of  the  current*  in  a  muscle  prion.    (Du  Bota  Eermood.) 

f  4  variometer  needle  generally  swings.  The  most  marked  result 
in  obtained  with  a  piece  of  muscle  in  which  the  fibres  run  parallel 
ft  ODi  soother,  and  the  longitudinal  surface  is  connected  with  one 
of  the  «iit  mhIs  by  a  wire  (2  in  fig.  170), 

On  the  course  of  the  wire  a  galvanometer  indicates  thai  u 
current  fluws  from  the  centre  to  the  cut  end  outside  the  muscle, 
atn1  IrOm  the  cut  end  to  the  centre  inside  the  muscle.  If,  uowt 
tin-  muscle  is  made  to  contract,  the  needle  returns  more  or  lea 
completely  to  the  position  of  rest. 

I  hi  Bok  Heymond,  who  first  described   these  facts,  calk 
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:t  the  cwrmt  of  rat,  and  the  sit  unci  current,  vrhiflb 

OOWUl  :it  the  instant  of  commencing  contraction*  the  euirent  of 
:  the  change  in  direction  is  indicated  by  the  expTPttioP 
Offal  ;  this  means  that  the  current  of  iietion  is  in  the 
opposite  direction  to  the  current  of  rest,  and  therefore  lessens  or 
neutralises  it.  Du  Bois  Reyinond  explained  this  by  supposing 
that  a  muscular  fibre  is  built  up  of  molecules,  each  of  which  fa 
positive  in  the  centre  and  negative  at  both  ends.  So  when  a 
muscle  is  cut  across,  a  number  of  the  negative  ends  of  these 
molecules  is  exposed.  On  contraction  the  difference  between  the 
centre  and  ends  of  each  molecule  is  lessened,  and  the  resultant 
eflect  on  the  whole  muscle  (made  up  of  such  molecules)  is  similar. 

There  is  no  doubt  about  the  facts  as  described  by  Du  Boiw 
Heymond.  We  now  adopt,  however,  an  entirely  different  view  of 
their  meaning :  in  causing  this  revolution  of  ideas  the  principal 
part  has  been  played  by  Hermann.  The  new  idea  is  that  the 
so-called  current  of  rest  does  not  exist ;  it  is  really  a  current 
produced  by  injury,  and  is  now  generally  called  a  demarcation 
current :  the  more  the  ends  of  the  muscle  are  injured  the  in 

_ ativo  they  become;  and  when  they  are  connected  to  the 
uninjured  centre,  ■  current  naturally  is  set  up  as  described  by 
Du  Bois  Reymoud.  If  a  muscle  ia  absolutely  uninjured  it  is  iso- 
tleotrio  ;  that  is,  it  gives  no  current  at  all  when  two  parts  of  it  are 
connected  together  by  a  wire. 

We  may  put  the  main  conclusions  concerning  this  subject  in 
the  form  of  a  number  of  propositions  : — 

i.   Uninjured  muscle  at  rest  is  iso-electric. 

2.  Dead  muscle  is  iso-electric. 

3.  But  dead  muscle  is  negative  to  uninjured  living  muscle. 

4.  Dying  muscle,  &*,,  injured  muscle*  is  also  negative  to  uu 
injured    muscle ;    thus  we    get   a  demarcation   current  on 
connecting  the  uninjured  to  the  injured  part  of  a  muscle. 

Not  only  are  dying  and  dead  portions  of  muscles  negative 
to  uninjured  resting  muscle,  but  the  same  is  true  for  con- 
tracting muscle  at  the  moment  it  begins  to  contract. 

When  a  muscle  removed  from  the  body  contracts,  the 
previously  positive  part  in  the  centre  contracts  most  be- 
it  is  least  injured  ;  hence,  the  electrical  condition  of  the 
centre  approaches  that  of  the  injured  ends;  hence,  the 
demarcation  current  is  diminished  ;  thus,  Du  Bois  Reyniond's 
negative  variation  is  accounted  for. 

In  ;i  polarised  muscle,  the  wave  of  contraction  (see  p.  125) 
is  accompanied  by  a  wave  of  increased  negativity  tra veiling 

L  1 
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at  ine  aae  rate.  This  is  followed  vefy  rapidly  by  a  retain 
to  the  original  condition ;  hence  the  change  is  spoken  of  as* 
diphaaic  one* 
8.  Toe  electrical  change  in  a  contracting  muscle  accompanies 
the  commencement  of  the  other  changes*  This  has  been 
ascertained  by  the  nae  of  the  capillary  electrometer,  which 
confirm*  the  earner  experiments  made  with  the  rheoUm*, 
The  electrical  change  last*  only  a  few  thousandths  of  1 
second,  and  is  over  long  before  the  other  changes  in  form,  kt. 
are  completed.  Prof,  Burden  Sanderson  gives  the  foil*  >u  nig 
numbers  from  experiments  with  the  frog's  gastroe: 
When  the  muscle  is  excited  through  its  nerve,  the  electrical 
response  begins  t  Vgtf  aU€*  tne  change  of  form  |0H50  second 
after  the  stimulation  ;  the  second  phase,  that  is,  the  return 
to  the  previous  condition,  begins  ^^-J^  second  after  excits* 
tion.      When  the  muscle  is  direct ly  tent  perioi 

is  much  shorter,  the  change  in  form  beginning  xtsStv  m& 
the  electrical  change  in  less  than  xrnru  °f  a  ttetOD^  8^er 
i  tat  ion. 

linaele  is  not  the  only  i*h  exhibits  electrical  phenomena. 

A  nervfl  which  is  uninjured  is  iso-electrie  ;  injury  causes  a  demur- 
Qation  current;  activity  is  accompanied  with  a  similar  diphasic 
wave  travelling  along  the  nerve  simultaneously  with  the  nervous 
impulse.  The  activity  of  secreting  glands,  and  also  of  the  retina,  is 
aeoompajiied  with  electrical  changes  of  the  same  kind. 

But  the  most  prominent  exhibition  of  animal  electri- 
seen  in  the  electric  organs  of  electric  fishes.  In  some  of  these 
fishes  the  electric  organ  is  modified  muscle,  in  which  a  series,  aa 
it  were,  of  hypertrophied  end  plates  correspond  to  the  plates  in  a 
roltaig  pile.  In  other  fishes  the  electric  organ  is  composed  of 
modified  skin  glands.  But  in  each  case  the  electric  discharge  is 
the  principal  phenomenon  that  accompanies  activity. 

rn conformity  with  usage  I  have  retained  in  the  foregoing  d< 
the  cicatrical  phenomena   in  living  m-mics,  the  terms 
in  the  loofe  and  incorrect  sense  in  which  they  are  employed  by  ph\- 
Tin  wordl  m  rative  and  positive  should  really  be  trans]  oeed.     In  . 
oell,  the  sine  la  the  positive  element,  and  is  connected  to  the  negnt 
It  is  in  ihis  hcrise  mily  thai  an  injured  or  active  prut  of  a  n 
ro  obviate  the  difficulty  created  by  this  mist  ate  which  baa  crj 
phyiiotoglca]  writings,  waller  has  suggested  new  terms,  v 
•  thtt .  instead  of  neerilive  and  pusitive  respectively, 

The  Rheoacopic  Frog. 

Thi  electrical   changes   in  muscle  can  be  detected  by  a  much 
simpler  instrument  than  the  galvanometer  or  electrometer.     Thii 
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known    as    the  phyaiotogiatf   rhmscope^    and   consists   of   an 
ordinary  muscle-nerve  preparation  from  ■  fresh  and  vigorous  bog, 
~"he   nerve  is  sstiinnluted  hy  the  electric*]  changes  QOtiUxring   in 
ul  the  nervous  impulse  so  generated  oaueei  ft    contrac- 
tion <  *f  the  muscles  of  the  rheoscopie  preparation.     The  following 
experiments  tlmi  can  he  shown  10  ihi*  way  :- — 
1.  i  m  without  metal*.     If  the  nerve  of  a  nerve-muscle 

preparation  A  is  dropped  upon  another  muscle  B  (or  upon  its  own 


Fig,  17T, —  Gulvnjii'e  experiment  without  mrta!*. 

lusele)  it  will  be  stimulated  by  the  injury  current  of  the  muscle 
which  it  is  dropped,  and  lead  to  a  contraction  of  the  muscle  (A) 
rhioh  it  supplies.     The  experiment  suooeedfl  beet  if  the  nerve  is 
Iropped  across  a  longitudinal  surface  and  a  freshly  made  trans- 
verse section. 

Secondary  contraction.     This    is  caused  hy  the  current  of 


Fig.  1 71.— Sewmd&ry  contraction.    (After  Waller. ) 


I  lotion*      If,  white  the  nerve  of  A  is  resting  on  the  muscle  B,  the 
is  made  to  contract  by  the  stimulation  of  its  nerve;  the 
nerve  of  A  is  stimulated  by  the  electrical  variation  which  acconv 
nies   the  contraction  of   the  muscle  B,  and  so  a  contraction  of 
muscle  A  is  produced,   This  is  .ailed  (MPOfUfaf?  contraction.   It  may 
mi*  a  secondary  twitch  or  Beoondary  tetanus,  according  &a  to 
vhether  the  muscle  B  is  made  to  contract  singly  Of  tetauieally. 
dory  contraction  from  ttu  heart.     If  an  excised  but  still 
frog's  heart  is  used  instead  of  muscle  B,  and  the  nerve  of 
laid  across  it,   each   hearts  beat,   accompanied   as   it  is  by  an 
electrical  variation,  will  stimulate   the  nerve  and   cause  a  twitch 
in  the  rheoscopie  muscle  A. 


ISO 
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THERMAL  AKD  CHEMICAL  CHANGES  IK  31' 

In  muscular  contraction  there  is  a  transformation  of  the 
potential  energy  of  chemical  affinity  into  other  forms  of  energy, 
i?*I»ecially  molar  motion  and  heat.  Heat  is  a  form  of  motion. 
In  which  there  is  movement  of  molecules  ;  in  molar  motion 
there  is  movement  of  masses.  The  fact  that  when  a  blacksmith 
hammers  a  piece  of  iron  it  becomes  hot  is  a  familiar  illustration 
of  the  transformation  of  one  mode  of  movement  into  the  other. 
Heat  is  measured  in  heat- units  or  calories.  One  calorie  is  the 
energy  required  to  raise  the  temperature  of  i  gramme  of  water 
from  o°  to  i"  C. ;  and  this  in  terms  of  work  is  equal  to  425-5 
gramme-metres,  that  in,  the  energy  required  to  raise  the  weight 
of  4255  grammes  to  the  height  of  1  metre. 

A  muscle  when  uncontracted  is  nevertheless  not  at  absolute  rest 
W<-  have  already  seen  that  it  possesses  tonus  or  tone;  it  also 
possesses  what  we  may  call  chemical  tone ;  that  is,  chemical 
changes  are  occurring  in  it,  and  consequently  heat  is  being  pro 
AtyMlL  Rut  when  it  contracts,  the  liberation  of  energy  ii 
increased ;  work  is  done,  and  more  heat  is  produced ;  the  heat 
produced  represents  more  of  the  energy  than  the  work  done.  The 
PMN   resistance   that    is  oflered  to  a   muscular  contraction,   thi- 

1  ii  the  irorit  done  relatively  increased  and  the  heat  diminished. 

The  am. mnt  <>f  heat  produced  is  increased  by  increasing  the 
tension  of  tin  muscle,  h  diminishes  as  fatigue  comes  on.  <>n 
increasing  the  strength  of  the  stimulus  the  amount  of  heat 
•11.  i>  fcitjfl  tutor,  proportionately j  than  the  work  performed. 

If  work  Ii  done  by  a  few  large  contractions,  more  heat  is  pro- 
.Ince.l  thai)  if  the  same  work  is  done  by  a  larger  number  of  smaller 
.  nut  [EOtfom  ;  that  is,  more  chemical  decomposition  occurs,  and 
huigur  v\\s\u  s  more  rapidly  in  the  firsl  This  fact  is  within 

the  personal  experience  of  everyone.  If  one  ascends  a  tower,  the 
work  done  is  the  raising  of  the  weight  of  ones  body  to  the  top  of 
the  tower.  If  the  staircase  in  the  tower  has  a  gentle  slope,  each 
bttng  low,  far  less  fatigue  is  experienced  than  if  one  ascended 
in  thi'  same  height  by  a  smaller  number  of  steeper  steps. 

On  a  cold  day  one   keeps  oneself  warm  by  muscular  ex» 
this  common  f ..  tinned  by  more  accurate  experiments  on 
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slated  muscles,  the  heat  produced  being  sufficient  to  raise  teovpo- 
Jy  the  temperature  of  the  muscle,  This  can  be  shown  in 
pe  animals  by  inserting  a  thermometer   between    the   thigh 

1  use  lea  and  stimulating  the  spinal  cord.    The  rise  of  temperature 
ay  amount  to  several  degn 
In  the  caae  of  frog's  muaelet,   Selmholti   found   that,  after 

^tanising  them  for  two  or  three  minutes,  the  temperature  rises 
14     to  o#i8°  C. ;  and  for  each  single  twitch   Heideuhain  gives  a 

tse  of  temperature  of  from  o'oot0  to  0*005    ' 
Pot  the  detection  of  such  small  rises  in  temperature  a  thcrmo- 

ile,  and  not  a  thermometer,  ifl  employed. 
A  thermopile  consists  of  a  junction  of  two  different  metals  ;  the 

letals  are  connected  by  wires  to  a  galvanometer.  If  the  junction 
heated  an  electrical  current  passes  round  the  circuit,  and  is 


B-A 


A*-B 


B-*A         A*-*-+-B 


©-»-*-*  A 


1  Couple 


2  Coaphs. 


3  Couples. 


Fig.  X73. — Scheme  of  thermo-electric  couple*,    (After  Waller.) 


ietected  by  the  galvanometer.  The  metals  usually  employed  are 
an  and  German  silver,  or  antimony  and  bismuth.  If  the  number 
of  couples  in  the  circuit  is  increased,  each  is  affected  in  the 
same  way,  and  thus  the  electrical  current  is  increased  through 
the  galvanometer.  The  arrangement  is  shown  in  the  fig.  1 73, 
which  also  indicates  the  direction  of  the  currents  produced,  the 
tiKtals  employed  being  aatuuonj   and   Nvmuth.     By  using   16 

pies  of  this  kind  Helmholtl  was  nhlc  t<>  detect  a  change  of 
a  3>p  p  of  a  degree  Centigrade. 

Within  certain  limits,  the  strength  of  the  current  is  directly 
proportional  to  the  rise  of  temperature  at  the  junction. 

If  two  couples  ate  in  circuit,  M  shown  in  the  second  diagram, 
and  they  are  heated  equally,  no  current  will  pass  through  the 
galvanometer,  the  current  through  one  couple  being  Opposed  by 
the  current  through  the  other.  But  if  the  two  couples  are  heated 
unequally,  the  direction  of  swing  of  the  galvanometer  needle 
indicates  which  is  the  warmer.  To  apply  this  to  the  frog's  gastro- 
cnemius, plunge  several  needle-shaped  couples  (diagram  3)  into  a 
frog's  gastrocnemius  of  one  side  and  the  same  number  of  OOUplee 
into  the  gaetrocnemiUS  of  the  other  side,  and  then  excite  first  one 
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then  tbe  other  sciatic  nerve  ;  a  deflection  of  the  gal  vane 
be  observed  first  in  one,  then  in  the  other  direction,  indi 
production  of  heat  first  on  one  side,  then  on  the  other. 


tea.  itii 
meter  trill 


Chemical  Changes  in  Muscles. 

The  chemical  changes  which  are  normally  occurring  in  a 
muscle  are  much  increased  when  it  contracts.     Waste  product*  of 
oxidation  are  discharged,  and  the  most  abundant  of  these  is  carbonic 
acid.     Sarco-lactic  acid  is  also  produced,  and  the  alkaline  i 
of  a  normal  muscle  is  replaced  by  an  acid  one.      The  mi 
animals  hunted  to  death  are  acid  ;  the  acid  reaction  to  litmus  paper 
of  a  frog  a  gastrocnemius  can  be  readily  shown  after  it  has  been 
tetanised  for  ro  to  15  minutes. 

The  quantity  of  oxygen  consumed  is  increased,  but  the  oo& 
sumption  of  oxygen  will  not  account  fur  the  much  greater  1 
in   the  discharge  of  carbonic  acid.     This   is  illustrated  by  the 
following  table  : — 


Venou*  Blood. 


O,  kteth&xi 
Arterial  Bk-*L 


00, 


Of  resting  muscle. . .  9  per  cent. 


Of  active  muscle  ..J     1 2  '26  per  cent 


671  per  cent 


1079  per  cent. 


Indeed,  a  muscle  can  be  made  to  contract  and  give  off  oxidation 
products  like  carbonic  acid  in  an  atmosphere  containing  no  oxygen 
at  all.  The  oxygen  used  is  thus  stored  up  in  the  muscle  pre 
viously.  Hermann  has  supposed  that  the  oxygen  enters  into 
the  formation  of  a  complex  hypothetical  compound  he  calls  inogm. 
On  contraction  he  considers  this  is  broken  up  into  carbonic  acid, 
sarco-lactic  acid,  and  a  proteid  residue  of  myosin. 

There  are  other  chemical  changes  in  the  muscle  when  it 
contracts — namely,  a  change  of  glycogen  into  sugar,  sad  IB 
increase  of  nitrogenous  waste.  The  question  whether  urea 
creased  during  muscular  activity  is,  however,  a  much  debated  one, 
and  we  shall  return  to  it  when  we  are  studying  the  urine.  What 
is  certain  is  that  the  increased  consumption  of  carbon  (possibly  in 
large  measure  derived  from  the  carbohydrate  stored  in  the  muscle) 
is  a  much  more  marked  and  immediate  feature  than  an  increase 
in  the  consumption  of  nitrogen. 
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Fatigue- 

If  the  uerve  of  a  nerve-muscle  preparation  is  continually 
stimulated,  the  muscular  contractions  Income  more  prolonged 
(see  pL  124),  smaller  in  extent,  and  finally  cease  altogether. 

The  muscle  is  said  to  be  f  >  'his  is  due  to  the  consump- 

tion of  the  substances  available  for  the  supply  of  energy  in  fche 
muscle,  but  more  particularly  to  the  accumulation  of  waste 
products  of  contraction ;  of  these,  sarco-lactie  acid  is  prolwibly  the 
principal  one.  Fatigue  may  he  artificially  induced  in  a  muscle  by 
feeding  it  on  a  weak  solution  of  lactic  acid,  and  then  removed  by 
washing  out  the  muscle  with  salt  solution  containing  a  miuute 

D6  of  ;iu  alkali  If  the  muscle  is  left  to  itself  in  the  body,  the 
blood  stream  washes  away  the  accumulation  of  acid  products,  and 
gue  passes  off. 

The  question  next  presents  itself,  where  is  the  seat  of  fatigue  T 
Is  it  in  the  nerve,  the  muscle,  or  the  end-plates?  If,  after  fatigue 
has  ensued  and  excitation  of  the  nerve  of  the  preparation  produces 
no  more  contractions,  the  muscle  is  itself  stimulated,  it  contracts  ; 
shows  it  is  still  irritable,  and,  therefore,  not  the  seat  of 
fatigue. 

If  an  animal  is  poisoned  with  curare,  and  it  is  kept  alive  by 
artiBcial  respiration,  excitation  of  a  motor  nerve  produces  no  con- 
traction of  the  muscles  it  supplies.  If  one  goes  on  stimulating  the 
nerve  for  many  hours,  until  the  effect  of  the  curare  has  disappeared, 
the  block  at  the  end-plates  is  removed  and  the  muscles  contract : 
the  seat  of  exhaustion  is  therefore  not  in  the  nerves. 

By  a  process  of  exclusion  it  has'  thus  been  localised  in  the 
nerve-endings. 

When  the  muscle  is  fatigued  in  the  intact  body,  there  is,  how- 

.  another  factor   to  be  oonwdered   beyond   the   mere   local 

the  end-plates.     This  is  the  effect  of  the  products  of 

contraction  passing  into  the  circulation  and  poisoning  the  central 

nervous  system.  '  It  is  a  matter  of  common  experience  that  one's 

Influences  markedly  the  onset  of  fatigue  and  the 

amount  of  muscular  work  one  can  do.    This  aspect  of  the  question 

lias    been   specially  studied   by  Mosso  ;   he  invented  an  instrument 

•  I  the  erffograpk.     The  arm,  hand,  and  all  the  fingers   but  one 

are  i\%c<]    in  a  suitable  holder;  the  free  finger  repeatedly  lifts  a 

_ht  over  a  pulley,  and  the  height  to  which  it  is  raised  is 
registered  by  a  marker  on  a  blackened  surface 

Bv  the  nee  of  this  instrument  he  has  arrived  at  the  conclusion 
that  the  state  of  the  brain  and  central  nervous  system  generally 


the  fatigue  producti 
Be  of  their  injurious 


gradoaDy  loae  their  irritability  *nd 

Thin  affect*  all   the  muscle*  of 

posture  of  equilibrium 

produced  constitute*  rip*- 

<*FM+*f*um  ngutrty 

The  OHtae  of  rigor  is  the  coagulation  of  the  muscle-plasma, 

w  more  f ufly  described  m  the  next  section.      This  coagnl* 

tion  reculte  in  the  formation  of  ■»$**«*,  and  is  gradual  in  oiiset 

Simultaneoaaljr  the   muscles   (a)  income    shortened   and  optupt^ 

I  ev*A*ed,  (c)  tkef  fire  of  mrhomie  acid,  and  (d)  heamt 

;  this  is  due  in  part  to  the  formation  of  sarwv 

l«  tic  acid,  and  in  part  to  the  formation  of  acid  phosphates. 

After  a  varying  interval,  the  rigor  paases  off,  and  the  muscle 
are  once  more  relaxed  This  sometimes  occurs  too  quicklj  to  be 
caused  by  putrefaction,  and  the  suggestion  that  in  such  cases  it 
any  rate  such  relaxation  is  due  to  a  ferment-action  is  very  plausible. 
It  14  known  that  pepsin  (absorbed  from  the  alimentary  canal)  i* 
present  ia  muscle,  and  that  this  ferment  will  act  in  an  acid  medium 
I  Ki  eoodtttoni  for  the  solution  of  the  coagulated  myosin  are  there- 
fore present,  as  the  reaction  of  rigored  muscle  is  acid* 

Order  of  Oceurretvce* — The  muscles  are  not  affected  simul- 
UaMOOly  by  rigor  mortis.  It  affects  the  neck  aud  lower  jaw 
first;  inxt,  the  upper  extremities,  extending  from  above  down- 
wards  ;  and  lastly,  reaches  the  lower  limbs  ;  in  some  rare 
in  '  Hires  it  affects  the  Lower  extremities  before,  or  simul- 
taneously with,  the  upper  extremities,  It  usually  ceases  in  the 
order  in  which  it  begins:  first  at  the  head,  then  in  the  upper 
i  i  m  initios,  iiinl  lastly  in  the  lower  extremities.  It  seldom  MXfr 
mm  icon  earlier  than  ten  minutes,  or  later  than  seven  hours  after 
death  ;  anil  its  duration  is  greater  in  proportion  t •  •  the  lateness 
of  its  accession. 

Si  nee  rigidity  does  not    ensue    until    muscles    have    lost  the 

deitetl   by  external  stimuli,  it  follows  that  all 

OinQlnatanoea  whioh  cause  a  speedy  exhaustion  of  muscular  im- 

tfcbillty,   Induce  an   early  occmreme  of   the  rigidity,  while  con- 

im  by  which  the  disappearance  of  the  irritability  is  delayed. 
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are  succeeded  by  a  tardy  onset  of  this  rigidity.  Hence  its  speedy 
occurrence,  and  equally  speedy  departure  in  the  bodies  of  persons 
exhausted  by  chronic  diseases ;  and  its  tardy  onset  and  long 
OOtit;  i  sudden  death  from  acute  diseases. 

'-use*  of   sudden  death    from    Hghtoing,   violent    injur 
pamxy-nis  >>i  pssdo  cur  iM  all;  but 

f   }**  doubted  whether  Tliere  is 

nmlly  a  oompl  mortem  rigidity  in  any  Mich  macs  ; 

of  Brown-S&quard  make  if   probable  'hat  the  rigidity 

-    immediately  after  death,  and  then   pas*  sway  with  inch 

iy  as  to  be  scarcely  obtCTTi 

The  occurrence  of  rigor  mortis  is  not  prevented  by  the  previous 
existence  of  paralysis  in  a  part,  provided  the  paralysis  has  not 
been  attended  with  very  imperfect  nutrition  of  the  muscular 
tissue. 

The  phenomena  of  rigor  mortis  will  be  more  intelligible  if  we 
v'onsjdsr  the  chemical  composition  of  muscle. 

The  connective  tissue  of  muscle  resembles  connective  tissue 
elsewhere  :  the  gelatin  and  fat  obtained  in  analyses  of  muscle  are 
derived  from  this  tissue.  The  sarcolemma  is  composed  of  a  sub- 
stance which  resembles  el  as  tin  in  its  solubilities. 

The  contractile  substance  within  the  muscular  fibres  is,  during 
life,  of  semi-liquid  consistency,  and  contains  a  large  percentage  of 
proteids  and  smaller  quantities  of  extractives  and  inorganic  salts, 
the  use  of  a  press  this  substance  can  be  I  out  of    i 

.  and  it  is  then  called  the  mutcfopla$ma. 

After  death,  muscle  -plasma,  like  blood  -plasma,  coagulates  (thus 
causing  the  stiffening  known  as  rigor  mortis).     The  solid   clot 

responding  to  the  fibrin  from  blood-plasma  is  called  myosin,  and 
the  liquid  residue  is  osited  the  muscle-serum. 

Pursuing  the  analogy  further,  it  is  found  that  the  coagulation 

both  muscle  plasma  and  blood  -plasma  can  he  prevented  by  cold, 

strong  solutions  of  neutral   salts,  and  by  potassium  oxalate, 

hjcb  precipitates,  as  the  insoluble  oxalate  of  calcium,  the  lime 

salts  essential  for  the  coagulation   process.     In    both  cases  the 

ng  is  produced  by  the  action  of  a  ferment  developed  after 

th.  In  both  cases  the  precursor  of  the  solid  clot  is  a  proteid 
of  the  globulin  class  which  previously  existed  in  solution. 

Fibrin  in  the  blood-clot  is  formed  bom  the  previously  soluble 
fibrinogen   of    the  blood-phisnm.      Myosin    in    the   ESUSCis-ciot    is 


\ •  i-: :  ***.  ;  -  •: :  " : i-  :  *■*—  i " '_Ja:;  itj";  u  :«*  mmrMonk  *  of  the  muscfo- 
;»:<*s:i;u  v  :><  -.:.-  ■■:  *r.-:rr  yju^ngra  tt  urneeses  out  blood- 
#**.—■.::  v  :.-■  v.i-  :.«:-.=•- ir  "'.ii^rfc^a  n  fc^u<*BK»  out  muscle- 
fv*-. :-.  "' ':.-  :.  .-!■  —  -■.:.  ■■  "iruizu*  •iiuul  ijUhiiiiii**  r»f  albuminooi 
:■.-«..-■-.«.  v""'"-'-'  **:.:  :u-  *:nn»--L-T»  and  «kiti  of  the  muscle, 
V-.i-  fv-  ■  :»•  *..■■■  -.i»---.-  u-:i:  if  l  •r.iurr'a-e^aiii  -j  uestion  :  some 
•  #•  . -.  ■  ■  ■   ■  *    »': j: . : . l--  - •  : -  ■: :  i  ii-  •-•^•v  oiy  irtT*    jc"!  J  s>: »r«i  and  sugar) ; 

-_:i*  :r\oeji  muHjcuje*  in  the  muscle. 

r   "■ufc'/LJbT  T3SRTK-   I*  Th*  following:^ 

75      per  cent. 

f 

,'  r  w  5 

c"5 

I    tO   2 

l\h  itr/tetZJu  *a  L ready  FLt.-<e>d.  chief  t  paw  into  the  clot :  tot 

The  w.rv.-.:v**  v'-CLprife*  a  large  number  of  organic  substance^ 
ail  \iT*&:ii\  iz.  ?L--i!i  *.-.*<*:-: :tie^  some  of  which  arc  nitrogenous,  like 
c/ev.lnt.  ';r«A* ::.-:.*.  laiti.:^  and  hvpoxanthine ;  the  rest  we 
non-nitro^eno v> — :-*::- vly.  faLa.  *:lyeogen,  sugar,  inosite,  and  the 
variety  of  )*/:\:<:  &:A  known  a*  s&roo-lactic  acid.  The  inorganic 
*i]t>  nr*:  chief?y  %*>.*  of  Tiota&ssum.  especially  potassium  phosphite. 

T1j<:  condition  of  dead  muscle  reminds  one  somewhat  of  con- 
tra/.ted  muscle.  In deed,  the  {similarity  is  so  striking  that  Her- 
mann ha*  propounded  the  idt-a  that  contracted  muscle  is  muscle 
on  tin.*  road  to  death,  the  differences  between  the  two  being  of 
iU'lirt'i'.  only.  He  considers  that,  on  contraction,  inogm  (see 
p.  152;  i*.  broken  up  into  cart*onie  acid,  sarco-lactic  acid,  and 
myohin  ;  on  d<-at.h  th»-  *aruc  change  occurs,  only  to  a  much  more 
marked  extent. 


K'lK'^t 

".•    :  *    ■"    -  ,::ir-   " 
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hiwr-ie* 
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•  The  myhiii  preem-or*  an*  really  two  in  number,  paramyosinogen, which 
jh  ffiit(.ni lilted  hy  hi-at  at  470— 50'",  and  myosinogen,  which  is  coagulated  by 
In-lit  lit  56  C 

Win  11  tin;  muoi'li-  i-  L'tadually  hean.-d  at  a  certain  tcm(>eraturc  it  eon- 
units  |n  rin.'iii'-ntly.  and  low-  it's  irritability.  This  phenomenon  is  callel 
In, it  ritfur.  It.  is  undmihtedly  due  to  the  coagulation  of  the  proteids  in 
1  ln>  muhflf.  If  a  inudiitf  i-  taken  of  the  shortening,  it  is  fonnd  that  the 
(lot  Nliuili'iiiii^  incurs  at  the  coaffulation  temperature  of  paramyosinogen 
(-17'  S"  ).  and  if  1ln«  li':itin^  i-<  rontiiiueil,  a  second  shortening *occara»t 
«jr»',  tin  riiifiilatinii  ti'inprrattire  «>f  myosinogen.  If  fro^'8  musics  are  used, 
llirii-  iin«  ihri-i-  -linili-niii^.  viz.,  at  40'.  470  and  56*  C. :  frojfn  mu^Je- 
pljimiiu  ruiitiiiiiiiiL'  an  additional  protcid  which  coagulates  at  400.    (T.O. 
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o  is  a  fur-fetched  one,  but  it  fa  a  useful  rotameter  of  the 
■tmilaritiee  of  the  two  eases.  In  chemical  condition,  contracted 
dike,  so  far  as  the  formation  of  acid  products 
(s  concerned  ;  there  is,  however,  do  evidence  of  any  formation  of 
a  muscle  clot  (myosin)  during  the  contraction  of  living  muscle,  as 
In  dead  muscle.  Then  heat  is  produced  in  both  cases, 
and  in  both  cases  also  the  muscle  is  negatively  electrical  to  un- 
contracted  muscle. 

Here,  however,  the  analogy  must  end  :  for  living  contracted 
muscle  is  irritable,  dead  muscle  is  not,  Living  contracted  muscle 
is  more  extensible  than  uucontracted  muscle;  muscle  in  rigor 
mortu  is  not  so  (Bee  fig.  156,  p.  134). 


CHAPTER    XIV. 

COMPARISON  OF  TOLUHTAET  alTO  INVohi  NTAitV  MUSCLE. 

Tub  mam  difference  between  voluntary  and  involuntary  muscle 
is  the  difference  expressed  in  their  names.      Voluntary  muscle  is 
tinder  the  control  of  that  portion  of   the  central  nervous  system 
of    which    is    accompanied    by    volition.      Involun- 
tary muscle  on  the  other  hand,   ia,   as    a    Rile,  also  under  the 
;rol    of  the  central    nervous  system,  but  of  a  portion  of  Lhe 
cent  ml  nervous  system  the  activity  of  which  is  independent  of 
volition.     There  appear,  however,  to  be  exceptions  to  this  rule, 
the  involuntary  muscle  executes  its  contractions  independently 
of  nervous  control ;  that  is  to  say,  it  is  sometimes  in  the  truest 
sense  of  the  term  really  involuntary.     This  ia  very  markedly  seen 
fa   the  developing  heart  of  the  embryo,   which   begins  to  beat 
before  any   nerve  fibres  have  grown  into  it  from   the   central 
em. 

Another  char  sot  eristic  of  involuntary  muscle  is  a  tendency  to 
regular  alternate  periods  of  rest  and  activity,  or  rhytAmdcaHtp 
This  tfl  best  exemplified  in  the  heart,  but  it  is  also  seen  in  the 
lymphatic  vi  peeially  the  lymph  hearts  of  the  frog,  and  the 

mesenteric  lymphatic  vessels  (lac teals)  of  many  animals.  It  is 
seen  in  the  veins  of  the  bat's  wing,  and  in  the  muscular  tissue  of 
the  spleen. 

A  third  characteristic  of  involuntary  muscle  is  pcrUuUtu.     If 


always  contains   numerous  plena* 
re-fihra  with  ganglion  cells  •  so  that  much 
i  the  question  whether  the  pheoomwi 
are  properties  of   the  muscukr 
mixed  with    it.      The   erideua 
of  muscular   tissue  entirely  foe 
way  aa  those  that  possess   nerret) 
rather  than  the  nervous 
though  it  can  hardly  be  doubted 
of   involuntin 
by  nerrous  agency. 
[  stimuli  employed  for  smooth  muscle  are  the  samr 
as  those  used  for  striated   muscle;  single  induction  shocks  irr 
often   ineffectual  to  produce  contraction,  but  the  make,  and  to 
a  leas  extent  the  break,  of   a  constant  current    will   act  as  * 
stimulus, 

The  faradic  current  is  a  good  stimulus,  but  it  never  throw 
involuntary  muscle  into  tetanus ;  in  the  heart,  strong  stimulation 
will  sometimes  effect  s  partial  fusion  of  the  beats,  but  ne?« 
complete  tetanus.  The  rate  of  stimulation  makes  no  difference : 
in  fact,  very  often  a  rapid  rate  of  stimulation  calls  forth  Lea 
rapidly  occurring  contractions  than  a  slow  rate. 

A  stimulus  strong  enough  to  produce  a  contraction  at  id] 
usually  elicits  a  maximum  contraction,  but  the  phenomenon 
known  as  the  ttaircote  (see  p.  124)  is  generally  better  marked 
in  the  case  of  the  heart  than  in  that  of  voluntary  muscle. 

The  contraction  of  smooth  muscle  is  so  sluggish  that  the 
various  stages  of  latent  period,  shortening  and  relaxation  can  t* 
followed  with  the  eye ;  the  latent  period  often  exceeds  half  * 
second  in  duration. 

The  normal  contraction  of  voluntary  muscle  is  a  tetano* 
(voluntary  tetanus);  the  normal  contraction  of  plain  muscle  iti 
much  prolonged  single  contraction.  A  very  valuable  piece  of 
evidence  in  thia  direction  is  seen  in  the  experiment  on  the  heart 
with  the  physiological  rbeosoope  (sec  p.  149).  Each  time  th* 
heart  contracts  the  rheoscopic  preparation  executes  a  single 
Twitch,  not  s  tetanus.      This  is  an   indication   that  the  electrical 
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single  one,  and  not  a  succession  of  changes  such  as 
I  tetanus. 
Whin,  however,  this  single  electrical  change  i»  examined  with 
the  electrometer,  it  is  seen  that  it  really  hi  ft  diphasic,  one.      It  is, 

r,  only  different  in  degree  from  the  ohange  which  prodn 
the  current  of  action  in  a  voluntary  EUUftOlft. 

If  a  voluntary  muscle  is  stimulated  at  one  end,  a  wave  of 
contraction  travels  along  it  to  the  other.  Suppose  two  points  of 
the  muscle  (a)  and  (A)  are  connected  by  non-polarisable  electrodes 
to  a  galvanometer ;  as  soon  as  the  wave  of  contraction  reaches 
(a),  this  point  becomes  negative  to  (b)t  and  therefore  a  current 
flows  from  (0)  to  (a).  A  moment  later  the  two  points  are 
equi potential,  and  no  current  flows  ;  a  thousandth  of  a  second 
later  this  balance  is  upset,  and  now  (b)  is  negative  to  (a)  and  the 
galvanometer  needle  moves  in  the  opposite  direction.  The  varia- 
1  is  here  also  diphasic  ;  but  in  a  slowly  contracting  tissue  like 
the  heart -in  usele  the  two  phases  are  separated  by  a  prolonged 
period  of  equipotentiality,  and  thus  they  are  rendered  more  dis- 
tinct* The  illustrations  already  given  (figs.  167  and  16S)  show 
this  fact  graphically. 

But  though  involuntary  muscle  cannot  be  thrown  into  tetanus 
it  has  the  property  of  entering  into  a  condition  of  sustained 
contraction  called  tonus.  We  shall  have  to  consider  this  ques- 
tion again  in  connection  with  the  plain  muscular  tissue  of  the 
arterioles. 

Involuntary  muscle  when  it  contracts  undergoes  thermal  and 
chemical  changes  similar  to  those  we  have  dealt  with  in  the  case 
of  the  voluntary  musclea 

The  nerve-endings  in  involuntary  muscle  require  a  much  hfger 
dose  of  curare  to  affect  tbem  than  the  end-plates  in  voluntary 
muscle. 

The  phenomena  of  rigor  fnortis  in  involuntary  muscle  have 
never  been  fully  studied.  What  has  been  found  is  that  the 
chemical  composition  of  involuntary  muscle  differs  in  no  note- 
worthy manner  from  that  of  voluntary  muscle,  and  on  death  the 
muscle  becomes  acid ;  such  products  as  carbonic  acid  and  sarco- 
lactic  acid  are  formed.  In  the  heart,  etom&efa  and  uterus  rigidity 
has  been  noted,  but  in  the  case  of  the  other  involuntary  muscles 
it  has  never  been  satisfactorily  observed. 


•  When  the  heart  is  beating  sluggishly  in  the  rbeOWOpic  experiment  libera 
referred  l  tnUofl  <<f  the  two  pihunri  of  tbe  electrical  change  will 

•omet hue*  GMIM  two  twitches  in  Nm  BMUOU  nerve  preparation. 
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*^tt  ifcyskdogj  of  nerve  have  been 
%zj  siur^i  :z.  ^LC-iH-i-nui.  vnl  z.?t£»e.       Bat  there  still  remain 
f snacr  v-.**5Kj:cii  vp:c  wijii  ▼*  i*Te  hardly  touched  as  yet 


of  Verves. 

Tirz  z*r*z  -  :-rse  ^i_i:i  ::cs.  ic*e  conducting  portions  of  the 
-iiL  110.7  ">.  L-tosfr*f  i^t*  Three  main  groups,  according 
tj  c  jl  T?l_:ji  -iL-rj  ifOmsfcilTr  conduct  nerre  impulse*. 

:  E5erx_*  uerTe  fibres. 
2.  A5*ra::  rierre  fibres. 
^.  I-:«r-oK:tral  nerre  fibres. 


Efferent   .t 


r-^rryVn;  nerves  are  those  which  conduct 
i£Lj.-u*:rt£  *t">:l  :_r  oe^r*!  iiervou*  system  (brain  and  spinal 
cori  /  10  other  psirt*  ■:  i  thr  loiy.  When  for  instance  there  is  a 
wUL  to  ilkjTc  the  rATri.  the  impulse  starts  in  the  brain,  and  travels* 
certain  distance  d^wn  the  spinal  cord  :  it  leaves  the  spinal  cord  by 
one  or  n.ore  of  the  spiiiil  nerves,  and  so  reaches  the  muscles  of 
the  hand  which  art  thrown  into  contraction.  This  is  called  a 
m/A'/r  nerre.  but  ail  efferent  nerves  are  not  motor,  some  came 
secretion  instead  of 
of  movement,  etc. 
follows : — " 


movement,  and  others  may  cause  a  stoppage 
A  list  of  the  classes  of  efferent  nerves  is  as 


•j.  Motor. 
b.  Accelerator. 
t.  Inhibitory. 
•/.  Secretory. 
*.  Electrical. 
*'.  Trophic. 

a.  Motor  nerves.  Smie  r.f  these  go  to  voluntary  muscles ;  others 
to  involuntary  muscles,  such  as  the  vaso-motor  nerves  which 
supply  the  muscular  tissue  in  the  walls  of  arteries. 

b.  Accelerator  nerves  are  those  which  produce  an  increase  in 
the  rate  of  rhythmical  action.  An  instance  of  these  is  seer 
in  the  sympathetic  nerves  that  supply  the  heart. 
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-  Inhibitory  nerves  are  those  which  cause  a  slowing  in  the  rate 
of  rhythmical  action,  or  it  may  be  its  complete  cessation. 
Inhibitory  nerves  are  found  supplying  many  kinds  of  in- 
voluntary muscle;  a  very  typical  instance  is  found  in  the 
inhibitory  fibres  of  the  heart  which  are  contained  within  the 
trunk  of  the  vagus  nerve.* 

ry  nerves  are  found  supplying  many  secreting  glands, 
such  as  the  salivary  glands,  pancreas,  gastric  glands,  and 
sweat  glands.  The  impulse  which  travels  down  a  secretory 
nerve  causes  a  formation  of  the  secretion  in  the  gland  it 
supplies. 

-rtrtoii  nerves  are  found  in   the  few  fishes  which  possess 

electrical   organs.     The   impulse   which  travels  down   these 

nerves   causes    the    electrical    organ    to   be    thrown    into 

activity. 

f.  Trophic  nerves  are  those  which  control  the  nutrition  of  the 

part  they  supply. 
2.  Afferent  or  centripttal  nerves  are  those  which  conduct 
impulses  in  the  reverse  direction,  namely  from  all  parts  of  the 
body  to  the  central  nervous  system.  When  one  feels  pun  in  the 
finger,  the  nerves  of  the  finger  are  stimulated,  an  impulse  travels 
up  the  nerves  to  the  spinal  cord,  anil  then  to  the  brain.  The 
mental  process  set  up  in  the  brain  is  called  a  sensation  j  the 
sensation,  however,  is  referred  to  the  end  of  the  nerve  where 
the  impulse  started,  and  the  sensation  of  pain  does  not  appear 
to  occur  in  the  brain,  but  in  the  finger.  This  is  an  instance 
of  a  sensory  nerve  ;  and  the  terms  afferent  and  sensory  may 
often  be  used  synonymously.  The  nerves  of  sensation  may  be 
grouped  as  follows  :■ — 

a.  The  nerves  of  special  sense ;  that  is,  of  sight*  bearing,  taste, 

smell  and  touch. 
it  The  nerves  of  general  sensibility  ;  that  is,  of  a  vague  kind  of 
sensation  not  referable  to  any  of  the  five  special  senses  just 
enumerated ;  as  instances,  we  may  take  the  vague  feelings 
of  comfort  or  discomfort  in  the  interior  of  the  body. 
< .  Nerves  of  pain.     These   do  not  appear  to  be  anatomically 
distinct  from  the  others,  but  any  excessive  stimulation  of  a 
sensory  nerve  whether  of  the  special  or  general  kind    will 
cause  pain. 
The  words  "  sensory  "  and  "  afferent/1  however,  are  not  quite 


*  Th'  baa  been  much  debated  whether  voluutary  muscle  is  pro- 

vided with  Inhibitory  ucrves  ;  they  do,  however,  appear  to  be  present  in 
certain  nerves  supplying  the  mnscles  of  the  claws  of  lobsters  and  similar 
crustaceans. 
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Just  as  we  may  have  efferent  impulses  leaving 
tfaa  heart  or  blood-vessels  of  which  we  have  no 
conscious  knuwlciire,  so  also  afferent  impulses  may  travel 
central  nervous  system  which  excite  no  conscious  feelings.  'IV 
afferent  nerves  to  the  cerebellum  farm  a  very  good  instance  uf 
these. 

Then,  too,  the  excitation  of  many  afferent  nerves  will  excite 
what  are  called  reflex  actions.  We  are  very  often  conscious  of 
the  sensations  that  form  the  cause  of  a  reflex  action,  but  we  do  not 
necessarily  have  such  sensations.  Many  reflex  actions,  for  instance, 
occur  during  sleep;  many  may  be  executed  by  the  spinal  cord 
even  after  it  has  been  severed  from  the  brain,  and  so  the  brain 
cannot  be  aware  of  what  is  occurring. 

A  reflex  action  is  an  action  which  is  the  result  of  an  afferent 
impulse.  Thus  a  speck  of  dust  falls  into  the  eye,  and  cause* 
movements  of  the  eyelids  to  get  rid  of  the  ("trending  object.  The 
dust  excites  the  sensory  nerve-endings  in  the  conjunctiva,  an 
impulse  travels  to  the  centre  of  this  nerve  in  the  brain,  and  from 
the  brain  a  reflected  impulse  travels  to  the  muscles  of  the 
eyelid.  As  an  instance  of  a  reflex  action  in  which  see 
is  concerned,  take  the  watering  of  the  mouth  which  occurs 
when  food  is  seen  or  smelt.  The  nerves  of  sight  or  smell 
convey  an  afferent  impulse  to  the  brain,  which  reflects,  down  the 
secretory  nerves,  an  impulse  which  excites  the  salivar\ 
activity. 

These,  however,  are  instances  of  reflex  action  which  are 
accompanied  with  conscious  sensation,  but  like  all  pure  reflet 
actions  are  not  under  the  control  of  the  will. 

An  instance  of  a  reflex  action  not  accompanied  with  conscious- 
ness is  seen  in  a  man  with  his  spinal  cord  cut  across  or  crushed, 
so  that  any  communication  between  his  brain  and  his  legs  it 
impossible.  He  cannot  move  his  legs  voluntarily  and  is  un- 
conscious of  any  feelings  in  them.  Yet  when  the  soles  of  hk 
feet  are  tickled  he  draws  his  legs  up,  the  centre  of  reflex 
action  being  in  the  grey  matter  of  the  lower  region  of  the 
spinal  cord. 

For  a  reflex  action,  three  things  are  necessary  :  ( i )  an  affereut 
nerve,  (2)  a  nerve-centre  consisting  of  nerve-cells  to  receiv 
afferent  impulse  and  send  out  an  efferent  impulse,  and  (3)  an 
efferent  nerve  along  which  the  efferent  impulse  may  travel.  If 
the  reflex  action  is  a  movement,  the  afferent  nerve  is  called 
excito-motor ;  if  it  is  a  secretion,  the  afferent  nerve  is  called  excito* 
Hcretory,  and  similarly  afferent  nerves  may  also  be  ejpcito-accfknt- 
tor}  excito~inhibitaryt  etc. 
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Intercentral  nerves  are  those  which  connect  nerve-centres 
ber;  they  connect  differcnl    parts  of  bruin,  and  of  the  cord 
another,  Mid  IW  shall  find  in  our  study  of  the  nerve-centres 
v  in  < oinplex  in  their  arrangement 


Ul 

k 
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Investigation  of  the  Functions  of  a  Nerve. 

There  are  always  two  main  experiment*  by  which  the  function 
of  a  nerve  may  be  ascertained.  The  first  is  section,  the  second  is 
''■on. 
Ham  consists  in  cutting  the  nerve  and  observing  the  loss  of 
function  that  ensues.  Thus,  if  a  motor  nerve  is  cut,  motion  of 
the  muscles  it  supplies  can  no  longer  be  produced  by  activity 
of  the  nerve-centre  J  the  muscle  is  paralysed.      If  a  sensory  nerve 

cut,  the  result  is  loss  of  sensation  in  the  part  it  comes  from. 

Stimulation  of  the  cut  nerve  is  the  opposite  experiment 
When  a  nerve  is  cut  across,  one  piece  of  it  is  still  connected 
with  the  brain  or  spinal  cord  ;  this  is  called  tin  ,  W  ;  the 

,  ealled  the  peripheral  enri,  is  still  connected  with  some 
peripheral  part  of  the  body.  Both  the  central  and  the  peripheral 
.lid  should  be  stimulated  ;  this  is  usually  done  by  means  of 
induction  shocks.  In  the  ease  of  a  motor  nerve,  stimulation  of 
the  central  end  produces  no  result ;  stimulation  of  the  peripheral 
end  produces  :i  nervous  impulse  which  excites  the  muscles  to  con- 
tract.  In  the  case  of  a  sensory  nerve,  stimulation  of  the  peripheral 
end  has  no  result,  but  stimulation  of  the  central  end  causes  a 
sensation,  usually  a  painful  one,  and  reflex  actions,  which  are  the 
result  of  the  sensation. 

When  a  nerve  is  cut  across,  there  are  other  results  than  the 
loss  of  function  just  mentioned  ;  for  even  though  the  nerve  is 
still  left  within  the  body  with  a  normal  supply  of  blood,  it 
becomes  less  and  less  irritable,  till  at  last  it  ceases  to  respond  to 
uuli  altogether.  This  diminution  of  excitability  starts  from 
the  point  of  section  and  travels  to  the  periphery,  but  is  tem- 
porarily preceded  by  a  wave  of  increased  excitability  travelling  in 
'he  same  direction  ( Hitter- Valli  law). 

This  loss  of  excitability  of  nerve  is  accompanied  with  degen- 
erative changes  which  are  of  so  great  importance  as  to  demand  a 
separate  section. 

Degeneration  of  Nerve. 

pOM  1  nerve  is  cut  right  across,  the  piece  of  the  nerve  left 
in  connection  with  the  brain  or  spinal  cord  remains  healthy  both 
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in  structure  and  ftmc&iops  ;  hot  the  peripheral  piece  of  the  nerve 
loses  its  fwtctkm  sod  undergoes  what  is  generally  called  after 
the  discoverer  of  the  process,  Wallariam  degeneration. 
made  up  of  nerre^bres,  and  each  nerve-ubre  is  essentially  a  brand 
of  a  nerve-cell ;  when  the  nerve  is  cut*  the  axis  cylinders  in  Ik 
peripheral  portion  are  separated  from  the  cells  of  which  they  are 


S 
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Fig.  174.— Degeneration  and  regeneration  of  nerre-nbre*,    a,  nexTe-fibre,  fifty! 

operation,  m  jr,  medullary  (heath  breaking  up  into  myelin  drops.  />,  granular  proto- 
plasm replacing  myelin,  h,  nucleus.  #,  primitive  sheath,  a.  ncrre^nbre  after  four 
days,  cy,  axncybnder partly  broken  up  snd  enclused  in portion* of  myelin,  etna* 
advanced  stage  in  which  the  medullary  sheath  bus  almost L  diaappeared.  Kumeraw 
nuclei,  »"  are  wen.  d,  commend 
from  the  somewhat  bulbous  cut  f 


not  yet  acquired  it*  medullary  sheath. 
(Kaurier,) 


regeneration ;  several  fibres  (f,  f)  have  sprouted 
I  (A)  of  the  nerre,    *.  an  axis  cylinder  whirh  hi* 


•,  *  primitive  sheath  of  the  original  fibs* 


branches  and  from  which  they  have  grown.  These  separated 
portions'  <>f  the  aiis  cylinders  die,  and  the  medullary  sheath  of 
each  undergoes  a  gradual  process  of  disintegration  into  droplets 
of  myelin,  which  are  ultimately  absorbed  and  removed  by  thr 
lymphatics.  At  the  same  time  there  is  a  multiplication  of  the 
nuclei  of  the  primitive  sheath.     This  degenerative  process  begins 
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M  or  two  days  after  the  section  has  been  made.     In  the  case 

the  non-medullated  fibres,  there   is  no   medullary   sheath   to 

exhibit  the  disintegration  changes  just  alluded  to  ;  ami  the  nuclei 

of  the  sheath  do  not  multiply  ;  there  is  simply  death  of  the  axis 

cylinder.     The    degeneration    occurs    siiu  -Iv   throughout 

hole  extent  of  the  nerve ;  it  does  not  start  from  the  section 

travel  to  the  periphery, 

i  great  amount  of  attention  has  been  directed  to  this  process 
defeneration,  because   it   has   formed  a  valuable    method  of 
1 1  in  tracing  nervous  tracts,  and  ascertaining  the  nerve  oelk 
which  they  originate.      It  must  notT  however,  be  regarded  as 
isolated  phenomenon  in  physiology  ;  it  in  only  an  illustration 
>f   the  universal   truth  that  any  portion  of  a  cell  (in  this  case  the 
axis  cylinder  process)  cut  off  from  the  nucleus  of  the  cell  degen- 
erates and  dies. 

If  a  nerve  is  simply  cut,  and  allowed  to  heal,  regeneration  of 
function  in  time  occurs*  This  is  hastened  by  the  surgeon 
suturing  the  cut  ends  of  the  nerve  together  It  must  not,  bow- 
er, be  supposed  that  this  is  due  to  a  restoration  of  the  structure 
•  »f  the  fibre*  in  the  peripheral  portion  of  the  cut  nerve.  It  is 
due  to  new  nerve-fibres  sprouting  out  from  the  central  end  of  the 
cut  nerve,  and  growing  distal  wards  in  the  old  sheaths.  This  is 
illustrated  in  D,  fig,  174.  Regeneration  of  cut  fibres  never 
occurs  in  the  brain  or  spinal  cord. 

When  regeneration  does  not  take  place,  the  central  ends  of  the 

E  fibres  and  the  cells  from  which   they  originate  undergo  slow 
>phic  chmagea  (dimm  tUropfy 
1 


Functions  of  the  Roots  of  the  Spinal  Nerves. 


The  general  truths  enunciated  in  the  two  precediug  sections 
well  illustrated  by  the  experiments  made  to  determine  the 

ctions  of  the  roots  of  the  spinal  nerves.  Each  spinal  nerve 
originates  from  the  spinal  cord  by  two  roots.  One  of  these  is 
called  the  anterior  ur  n >  nival  root  :  it  consists  of  nerve-fibres 
which  originate  from  the  large  multipolar  cells  in  that  portion  of 
the  grey  matter  in  the  interior  of  the  spinal  cord  which  we  shall 
presently  learn  to  call  the  anterior  horm  These  nerve-fibres  are 
all  medullated  ;  the  large  ones  join  up  with  the  posterior  root  to 
form  the  spinal  nerve ;  the  small  nerve-fibres  leave  the  root  and 
pass  to  the  sympathetic  chain,  whence  they  are  distributed  as 
HOD  medullated  fibres  to  the  involuntary  muscular  fibres  of  the 
blood-vessels,  etc. 
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The  other  root,  the  posterior  or  dorsal  root,  has  upon  it  a  col- 
lection of  iur\ c -cells  forming  the  spinal  ganglion.  Each  ntrvt 
cell  is  enclosed  within  a  nucleated  sheath  of  connective  tissue 
origin,  and  it  is  from  these  nerve-cells  that  the  fibre* 
posterior  roots  grow.  In  the  embryo,  each  nerve-cell  has  two 
processes  {fig,  175,  a),  one  of   which  grows   I  pinal  cord, 

where  it  terminates  by  branching  around  the  multipolar  cell 
the  grey  matter;  the  other  process  grows  outwards  to  the] 
phcry.     In  the  adult  mammal  (not  in  I  WO 

106  in  the  first  part  of  their  course,  forming  a  T-sha/' 
The  first  experiments  on  the  function*  of  the  sj  re* 

were  performed  in  this 
country  by  Sir  Charles 
IV'll  (1S11),  aud  id 
France  by  Magendie 
(1822).  These  observers 
found  that  on  section  of 
the  anterior  roots  there 
resulted  paralysis  of  the 
muscles  supplied  by  the 
nerves  ;  on  section  of 
the  posterior  roots  there 
was  loss  of  sensation, 
These  experiments 
el  early  pointed  to  the 
0  inclusion  that  the  an- 
terior roots  contain  the 
efferent  (motor)  fibres; 
and  the  posterior  roots 
the  afferent  (sensory) 
fibres,  This  conclusion 
was  confirmed  by  the 
experiment  of  stimula- 
tion Stimulation  of  the  peripheral  end  of  the  cut  anterior 
root  caused  muscular  movement ;  of  the  central  end,  no  effect 
Stimulation  of  the  central  end  of  the  cut  posterior  root 
mined  pain  and  reflex  movements  ;  of  the  peripheral  end,  m 
effect. 

Recurrent  smtibtiity.—Que  of  the  statements  just  made  requ 
a  slight  modification;  namely,  excitation  of  the  peripfo 
ft  divided  Anterior  root  will  evoke  pain  and  reflex  mow 
well  as  direct  movements  ;  that  is  to  say^  the  anterior  root  tr 
composed   mainly  of  motor  fibres  contains  a  few  sensory  fibres 
coming  probably  from  the   membranes  of  the  spinal  cord,  and 


Hipfliu   nil  hum  Kjimul  guQplkm  »f  u 
4^  we*k»  embryo    iita    11  -       i,  Bout 

[  indicuU'  On>  <]inrt.i*!ii  in  whwh  the  nerve 


prnrcsnua  prow,  QCW  to  tin-  >i>iniil  cord*  the  oflwr 
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Fig.  t;6.— I>ui|cmm(oil1uNtiBt«raeaTT«ot 
*cniiibility- 


en  running  into  the  posterior  root  wiih  the  rest  of  the  sensory 
brcs.      Thc\    often,  however,  run  down   the   mixed   nerve 
sidemble  distance  before  retaining  to  the  posterior  r< 

The  adjoining  diagram  illns- 
trates  tin-  DOUTM  of  QUI  of  these 
recur  it  nj  fibres  (r) ;  like  snows 
represent  the  direction  in  which 
;  urmlaes. 
D*  >t*m  —  rrhe 

facts  in  connection  with  fchi 

oidi  out   l»y  Waller 
(1850),  and   may  be  best  uuder- 
0   the  next 
igmtu. 

A  represente  a  section  of  the 
mL\<  and  tin-  anion 

of    the     rOOtB  ;     the    wlmle 

K<1  ii  ibad 
B  n  the  result 

section   of  the  anterior 
root;  only  the  anterior  1 
fibres  ae  j  the  sen* 

sory  fibres  of  the  posterior 
root   remain   intact.      The 
email      mcdulhttcd      nerve 
fibres   (not   shown   in   the 
diagram)     also    degen< 
as  far  as  the  ganglion  cells 
ol  the  sympathetic  system 
with  which  they  coinmuui 
The  il'  uii.  nt sensory 
fibres  in  this  root  do  not 

•  'iterate  with  the  ol ; 
but  are  found  degenerated 

in  the  part  of  the  anterior  root  attached  to  the  spinal  cord. 

ion  of  the  posterior  fOOl  always  produces  the  same  phy- 
siological effect  (loss  of  sensation)  *  wherever  the  section  is  made, 
but  the  degeneration  effect  is  different  according  as  the  section  is 
made  on  the  proximal  or  d  on.    If  the  section 

Es  made  beyond  the  ganglion,  1  hi- defeneration  occurs  as  shown  iu 

•  In  order  to  obtain  unv  appreciable  km  of  sensation,  it  is  necessary  to 
te  several  posterior  rout-,  tui  there  is  a  good  deal  ol  overlapping  in  the 
peripheral  distribution  of  the  fik 


Fig-  i?r- 


Diagrum  to  illustrate  Wulleruw  de- 
StOtiattOB  uf  nerve-roota. 
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:  the  peripheral  portion  of  the  parteikr 
root-fibres;  the  anterior  root  remains  intact  except  for  the  ran* 
rent  sensory  fibres  which  it  contains.  If  the  section  is  made  si 
in  D,  between  the  ganglion  and  the  cord,  the  only  piece  tias 
degenerates  is  the  piece  severed  from  the  ganglion  and  numis* 
Into  the  cord  ;  these  fibres  may  be  traced  op  in  the  posterior 
column  of  the  spinal  cord  until  they  terminate  in  grey  matter, 
which  they  do  at  different  levels.  The  whole  of  the  sensor/ 
fibres  including  the  recurrent  ones  which  are  still  attached  to 
the  ganglion  remain  histologically  healthy. 

Tin.'  next  figure  is  one  of  the  original  ill  titrations  made  by  Dr. 
\N  .IN t,  and  not  published  until  the  publication  of  his  son's  ten 
book  quite  recently.     I  am  indebted  to 
the  present  Dr.  Waller  for  pemisra 
to  reproduce  it* 

These  facts*  of  degeneration  tews 
us,  what  we  also  learn  from  the  Atndt 
of  en i bryology,  that  the  nerve-films 
of  the  anterior  root  are  connected  to 
the  nerve-cells  within  the  spinal  cord, 
while  the  posterior  root-fibres  «* 
connected  to  the  cells  of  the  spin*) 
or,  to  put  it  another  wtj, 
the  trophic  centres  which  control  the 
nutrition  of  the  nerve-fibres  are  situated 
within  the  cord  for  the  anterior  roots, 
and  wit li in  the  spinal  ganglia  fur  the 
rior  roots. 


Tig.  »7».  -iin>ui»  i»f  fthm  fan 

Oh-    iMhrior   m>d    potttttoi 

rwut*  wvftnl  ili> 

Linn  of  but]  to  the 

Ofllll  1    Hi' 

il«  \fi  in ■mhsl  ;  tln<  puntoritir, 
btUOffftl  111  in  i  .inrm  him  wilb 
Oir  oervi»-ooUa  f  mm  wtriph 
they  givvr,  tire  nminul, 


Changes  in  a  Nerve  during 
Activity. 

When  a  nerve  is  stimulated.  Hi 
change  produced  in  it  is  called  a 
nervous  impulse  ;  this  change  travel* 
along  the  in  TV. ,  and  the  propagation  of  some  change  is  evident 
from  tha effects  which  follow:  sensation,  movement,  secretion,  Ac ; 
but.  in  ihe  nerve  itself  \ery  little  change  can  be  detected.  There 
is  iu>  change  in  form  ;  the  most  delicate  thermo-piles  have  failed  to 
detect  any  pnxluctiou  of  heat,  and  we  are  also  ignorant  of  any  chemi- 
cal changes.  The  only  alteration  which  can  be  detected  as  ev 
of  this  molecular  change  in  a  nerve  is  the  electrical  one.  Healthr 
nerve  is  iso-clectric,  but  during  the  passage  of  a  nervous  impulse 
along  it  there  is  a  very  rapid  diphasic  variation,  which  txmidl 
at  the  same  rate  as  the  nervous  impulse.      This  is  similar  to  the 
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i  phasic  change   in  muscle,  which  we  have  already  studied,  and 
be  detected  b  the  same  way. 

Velocity  of  a  Nerve  Impulse. 

A  nervous  impulse  is  not  electricity ;  compared  to  that  of  eleetri- 
ity  its  rate  of  propagation  18  extremely  slow,    1 1  has  been  uiea 

motor-nerves  as  follows :  a  muscle-nerve  preparation  is  made 
miIi  ai  Mug  a  nerve  as  possible  ;  the  nerve  is  stimulated  first  as 
;iear  to  the  muscle,  and  then  as  far  from  the  muscle,  as  possible. 
he  moment  of  stimulation  and  the  moment  of  commencing  con- 
tion  is  measured  by  taking  muscle  tracings  on  a  rapidly  moving 
trface  in  the  usual  way,  with  a  time-tracing  beneath.  The  con- 
ction  ensues  later,  when  the  nerve  is  stimulated  at  a  distance 
Dm  the  muscle,  than  in  the  other  case,  and  the  difference  in  the 
vo  cases  gives  the  time  occupied  in  the  passage  of  the  impulse 
long  the  piece  of  nerve,  the  length  of  which  can  be  easily  measured. 
A  similar  experiment  can  be  performed  on  man  by  means  of  the 
msmission  myograph  (see  p.  129)*  If  a  tracing  of  the  OOO 
ion  of  the  thumb  muscles  is  taken,  the  two  stimuli  may  be 
access  ively  applied  through  the  moistened  skin,  first  at  the 
chial  pk>M  below  the  clavicle,  and  secondly,  at  the  median 
nerve  at  the  bend  of  the  elbow. 

Another  method,  largely  employed  by  Ben) stein,  is  to  take  the 
electrical  change  as  the  indication  of  the  impulse.  The  rheotome 
is  the  instrument  used.  If  fig.  1 69  (p.  1 45)  is  referred  to,  and  a  I 
nerve  substituted  for  the  muscle-nerve  preparation,  the  stimulus 
is  applied  at  one  end,  and  the  change  in  the  electrical  condition  of 
the  nerve  is  recorded  by  the  galvanometer,  which  is  connected  to 
the  other  end  of  the  nerve.  The  time  measurement  is  effected  by 
the  adjustment  of  the  rheotome,  which  must  be  such  as  to  tap  off 
the  electrical  change  at  the  moment  it  occurs. 

The  rate  of  the  transmission  of  nervous  impulses  discovered  by 
these  methods  is,  in  a  frog's  motor-nerve,  28  to  30  metres  a  second  ; 
in  human  motor-nerves,  33  metres  a  second  ;  in  sensory  nerves, 
30  to  33  metres  a  second. 


Direction  of  a  Nerve  Impulse. 

Nerve  impulses  are  conducted  normally  in  only  one  direction ; 
in  efferent  nerves  from,  in  afferent  nerves  to,  the  nerve-centres. 
But  there  are  some  experiments  which  point  to  the  conduction 
occurring  under  certain  circumstances  in  both  directions. 

Thus,  in  the  rheotome  experiment  just  described,  if  the  nerve 
is  stimulated  in  the  middle  instead  of  at  one  end,  the  electrical 
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change  (the  evidence  of  an  impulse)  is  found  to  be  conducted 
towards  both  ends  of  the  nerve. 

K  ulnae's  gracilis  experiment  proves  the  same  point.  The  gracilis 
muscle  of  the  frog  (fig*  179)  is  in  two  portions,  with  a  tendinous 
intersection,  and  supplied  by  nerve-fibres  that  branch  into  two 
bundles ;  excitation  strictly  limited  to  one  of  these  bundles,  after 
division  of  the  tendinous  intersection,  causes  both  portions  of  the 
muscle  to  contract 

Older  experiments,  designed  to  prove  the  same  point,  were  pier* 
formed  by  Paul  Bert.     He  grafted  the  tip  of  a  rat's  tail  oil 

the   back  of  the  same  rat,  or  to  the  um 

A  X  of  another.    When  union  had  bed 

lyf,    \  the    tail    was   amputated    near   its  base. 

fl  ^^B  a       After  a  time,  irritation  of  the  end  of  the 

^P*8HL         trunk-like  appendage  on  the  back  or  nose 

W     ^HR        "f  the  nit  gave   rise  to   sensation.     The 

1^^^^^         impulse    fchofl    passed    from    base    to  tip, 

^*/^^B|  l,l  °f  frum  tip  to  base,  as  formerly. 

^^f^  This  experiment  does  not,  however,  prove 

V_        the  point  at  all  ;  for  all  the  original  nero- 

H       y  fibres  in  the  tail  must  have  degenerakti, 

V|i\/  and  the  restoration  of  sensation  was  due 

to  new  fibres,  which   had  grown  into  the 

tail.      Exactly  the    same   objection   hotdl 

to  another  series  of  experiments,  in  which 

the  motor  and   sensory  nerves  of  the  tongue  were  divided  and 

united  crosswise.     Restoration  of  both  movement  and  sensation 

does  occur,  but  is  owing  to  new  nerve-fibres  growing  out  from  the 

central  stumps  of  the  cut  nerves. 

Chemistry  of  Nervous  Tissues* 

The  nervous  tissues  contain   a  large  amount  of   water 
present  in  larger  amount  {85  to  90  per  cent)  in  grey  matter  than 
in  white  matter  (about  70  per  cent);  in  early  than  in  adult  life;  in 
the  brain  than  in  the  spinal  cord  ;  in  the  spinal  cord  than  in  nerves. 
The  solids  contain  r— 

tt.  I'mteids  :  these  comprise  about  half  the  solid  matter  in  grey 
matter,  and  about  one-third  of  the  solid  matter  in  white 
matter  and  nerve.  In  other  words,  proteid  is  most  abundant 
where  the  cells  are  situated,  which  is  what  one  would  expect 
The  proteids  found  are  nucleo-proteid  and  globulin. 
Albuminoids:  (1)  neurokeratin,  contained  within  the  white 
substance  of  Schwann  and  forming  the  chemical    basis  of 
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neuroglia,  the  supporting    tissue  of  the  nerve-centres;  (2) 
m,  from  the  nuclei  of  the  cells. 

Fatty  materials  :  the  most   important  of  these  is  lecithin,  a 

PWWprai  fat  containing  phosphorus  and  nitrogen,  in  addition 

to  carbon,  hydrogen  and  oxygen. 
'7.   ("ercbrins:  nitrogenous  substances  of  unknown  constitution, 

which  yield  a  reducing  sugar  (galactose)  on  hydration, 
r,   (. 'holes terin  :  a  crystalline  alcohol  which  we  shall  study  more 

fully  in  connection  with  hik\  where  it  is  also  found. 

Iv.n-.n -iv.-s,  similar  to   those  found   in   muscle,  but   in  very 

minute  quanr 

latin  and  Eat  from  the  adherent  MtUMMltta  tissue, 
/<.    Inorganic  salts. 

The  following  table  -ives  some  of  the  quantitative  analyses  that 
ve  been  made  of  the  solids  in  percentages  :■ — 


Portion  of 
Xervous  System. 


Pio- 


CJwtarta- 

1  11  ami 
Fat. 


3n? j  matter     \ 

•'rain    ...J       55 
matter  \ 
Ol  Hrain    „.]       2* 

Spinal  Cord 23 


"7 
10 


19 
5* 


(  VIV- 


OS 

95 


Xeuro» 


Othw 


67 

3'3 


Human  Sciatic! 
Nerre    J 


75' 


3* 


12 


11 


Silt*. 


1*5 
0*6 
1*1 


Nothing  is  known  of  the  changes  these  undergo  during  the 
y  of  nerve.  It  is  possible  that  carbonic  acid  is  produced,  see 
p»  184,  Wheu  nervous  tissues  die,  they,  like  muscles  and  all  organs 
of  the  body,  become  acid  from  the  development  of  lactic  acid. 

In  Wallerian  degeneration,  the  fttaUUHg  reactions  indicate  1 1 > : l r 
the  lecithin,  the  principal  constituent  of  tin  midnllary  sheath,  is 
replaced  by  ordinary  fats.  But  this  has  not  been  proved  by  actual 
chemical  analysis. 


CHAPTER  XVI. 

KLECTftOTONUS. 

Wiikn  *  constant  current   is  thrown   into  A  nerve,  there   is  an 
excitation  which  leads  to  a  tm TOOi   LDapulM   producing  muscular 
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contraction  of  the  muscle  at  the  end  of  the  Hi  3tribdj; 

there   is  another  oontl  1><  n    the    current    is    tftfa 

While  the  current  is  flowing    through   the  mrv 
quiescent.     But  while  the  current  is  flowiug  there  are  ck, 
the  nerve,  both  as  regards  its  electrical  condition  and  its  excitability, 
These  changes  are  summed  up  in  the  ex]  f«j. 

In  the  investigation  of   this  subject  the  instruments  employed 
are  the  same  as  those  already  described,  with  the  1  of  rto 

others  that  it  will  be  convenient  to  -fore  passing  00 

to  the  study   of  eleetrotonus   itself.     These  are   the 
commutator,  and  the  rbeoohord, 

Aft  commit  ft  tor  m  the   form  of   reverter    gweralh 
It  consists  of   a   block   <■*  provided    with    six  pool*  of 


Fig.  tSo.— PiiblV 

mercury,  each  of  which  is  provided  with  a  binding  screw.  TV. 
corner  pools  are  connected  by  diagonal  cross  wires,  and  bj  1 
cradle  consisting  of  an  insulating  handle  fixed  to  two  arcs  <rf 
copper  wire  which  can  be  tilted  so  that  the  two  middle  poola  c&fi 
be  brought  into  communication  with  either  of  the  two  kteraJ 
pairs  of  pools.  Fig.  1 80  shows  how,  by  altering  the  position  of 
the  cradle,  the  direction  of  the  current  from  one  electrode  to  the 
other  is  reversed.  The  numbers  1,  2,  3,  *kc.  indicate  the  path  of 
the  current  in  the  two  cases. 

Sometimet  the  reverser  i*   used  without  the  cross  wires  for  n  ditTerect 
purpose.     The   battery  wires   are  connected  as   before   with    the  inutile 
mercury  pooh*    Eueh  lateral  pair  of  poola  is  connected  by  wires  to  a  pii; 
of  electrode*.     The  two  pairs  of  electrodes  may  be  applied  to  1 
of  a  nerve,  or  to  two  different  nerves,  and  by  tilting  the  cradl' 
Left  the  Current  can  be  sent  through  one  or  the  other  pair  of  electrode* 

Thi  rheochord  in  an  instrument  by  means  of  which  the  st; 
of  ft  constant  current  passed  through  a  nerve  may  be  varied.    It 
consists  of  a  long  wire  (r,  r,  r)  stretched  on  a  board.      I 
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as  a  bridge  on  the  course  of  the  battery  current.     (See  fig. 

1.)     The  current  is   thus    divided  Into  two  parts;  one  part 

Dugh  the  bridge,  the  other  through   the  nerve  which   is  laid 

the  two  non-polarisable  electrodes  at  the  ends  of  the  wires. 

resistance  through  the  bridgo  is  varied  by  the  position  of  the 

(*  *).    The  farther  the  slider  is  from  the  battery  end  of  the 


Muscle 


Fig;.  1 8 1. —Simple  rheochord. 

longer  is  the  bridge,  and  the  higher  its  resistance, 

that  Bfl  that  way  and  more  to  the  nerve. 

The  next  figure  shows  the  more  complicated  form  of  rheochord 

avented  by  lorf.    The  number  of  turns  of  wire  is  greater, 

that  the  resistance  Can    bfl  varied    to  a  much  greater  extent 

than  in  the  simpler  form  of  tbe  instrument 

The  term  "  clectrotonus  M  includes  two  sets  of  changes  in   the 


!— 1— - 


Fig,  lFa,— Puggtmdorft  rheochnrtl.    (M'Kendrick.) 


serve ;  first  an  electrical  change,  and  secondly  changes  in  cm  -Mo- 
bility and  conductivity.  We  will  take  the  electrical  change  first. 
Electrotonic  currents. — The  constant  current  is  passed 
through  the  nerve  from  a  battery,  non-polarisable  electrodes  being 
used;  it  is  called  the  polarising  current.  If  portions  of  the  nerve 
beyond  the  electrodes  are  connected  ("led  ofl")  as  in  the  dia- 
gram (fig*  183)  by  non-polarisable  electrodes   to  galvanometers,  a 
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current  will  in  each  case  be  indicated  by  the  swing  of  r 

meter  needles.     The  electrotonic  current  in  the  neighbourhood  of 

the  negative  pole  or  kathode  is  called  the  katelectrokmic  cumn 

that  in  the  neighbourhood  of  the  anode  is  called  the 
andectrotonic  current.  In  both  cases  the  electrotonic  current  \m 
the  same  direction  as  the  polarising  current.  These  cum 
dependent  on  the  physical  integrity  of  medullated  nerve ;  they 
are  not  found  in  muscle,  tendon,  or  uon-medullated  nerv* 
are  absent  or  diminished  in  dead  or  degenerated  nerve.  TW 
can,  however,  be  very  successfully  imitated  in  a  model  made  of 
zinc  wire  encased  in  cotton  soaked  with  salt  solution.  The 
electrotonic  currents  must  be  carefully  distinguished  from  the 
normal  current  of  action,  which  is  a  momentary  change  mpkflj 


Aneiectrotonic 
Current 


Katetectrotonfc 
Current 


Polarising 
Current 


Fig.  1 8 j.— Electrotonic  currents. 

propagated  with  l  nervous  impulse  which  may  be  produced  bj 
any  method  of  stimulation.  The  electrotonic  currents  are  pro- 
dneed  only  by  an  electrical  (polarising)  current;  they  vary  to 
intensity  with  the  polarising  current,  and  last  as  long  as  the 
polarising  current  passes  through  the  mi 

After  the  polarising  current  ia  removed,  after-electrotonic  currents  occur 
in  different  directions  in  the  three  regions  tested, 

(a)  In  the  intrapolar  region,  the  niter-current  is  opposite  in  direction 
to  the  original  polarising  current  ;  unless  the  polarising  current  is 
strong  and  of  short  duration,  when  it  is  in  the  same  dire 
(5)  In    the    kat  electro  tonic    region  T  the   after-current   has   the  saw 

direction  as  the  katclectrotonic  current. 
(r)  In  the  an  electrotonic   region,  the  after-current   has  at  first  th« 
same,  then  the  opposite  direction  to  the  an  electrotonic  current. 

The  experiment  known  as  the  paradoxical  contraction  depend* 
upon  electrotonic  currents.  The  sciatic  nerve  of  the  frog  divides 
in  the  lower  part  of  the  thigh  into  two  parti.  If  one  division  is 
cut  across,  and  its  central  end  stimulated  electrically  (the  spins] 
cord  having  been  previously  destroyed),  the  muscle*  supplied  by 
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the  other  branch  contract  ;  the  n»rve  fibres  in  this  branch  having 
been   stimulated    by   the    electrotonic    variation   in    the    divide*] 

Electrotonic  alterations  of  excitability* — When  a  constant 

irrent  is  pawed   thlOQgfa  a  nerve,  the  excitability  of  the  MOTTO 

increased   in  the  region  of    the    kathode,   ami   diminished    in 

region  of  the  anode.      When  the  current  in  taken  out  the 

icitabihty  is  temporarily  increased   in  the  neighbourhood  of  the 

node,  and  diminished  in  that  of  the  kathode. 

This  may  be  shown  in  the  ease  of  a  motor  nerve  by  the   fol- 

og  experiment.     The  next  diagram  represents  the  apparatus 
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f*lectmt«inic  nlUTfcUum  of  catdtnlulit  v . 

An  exciting  circuit  for  single  induction  shocks  is  arranged  in 
the  usual  way,  the  exniing  electrodes  being  placed  00  the  nerve 
near  the  muscle.  A  polarising  circuit  is  also  arranged,  and  in* 
chides  a  battery,  key,  and  reverser ;  the  current  is  passed  into 
the  nerve  by  means  of  non-polaris&ble  electrodes.  When  the 
polarising  current  is  thrown  into  the  nerve,  or  taken  out,  a  con- 
traction of  the  muscle  occurs,  but  these  contractions  may  be  dis- 
regarded for  the  present. 

The  exciting  circuit  is  arranged  with  the  secondary  coil  so  far 
from  the  primary  that  the  muscle  responds  to  break  only,  and 
the  tracing  may  be  recorded  on  a  stationary  blackened  cylinder. 

•  The  term  M  paradoxk-ul  contraction  M  used  in  this  dense  most  be  carefully 
distinguished  from  the  same  term  as  employed  by  Westpbal  and  adopted  by 
many  physicians.  He  uses  it  for  a  alow  tonic  contraction  occurring  in  a 
muscle  when  its  attachments  are  suddenly  brought  nearer  together.  Thia 
is  best  seen  in  th<  itieus,  and  the  contraction  may  last  several 

ititea.  This  condition  is  much  men  marked  in  certain  diseases,  but  its 
explanation  is  not  known. 
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Move  the  cylinder  on  a  short  distance*  and  repeat  this.  Tbs 
height  of  the  lines  drawn  may  be  taken  as  a  measure  of  the 
excitability  of  the  nerve.  Now  throw  in  the  polarising  current 
in  a  deictn/Hng  direction  (i.e.,  towards  the  muscle)  ;  the  kathode 
is  then  the  non-polarisable  electrode  near  to  the  exciting  elee- 
trodes.  While  the  polarising  current  is  flowing,  take  some  mow 
tracings  by  breaking  the  exciting  current.  The  increase  in  the 
excitability  of  the  nerve  is  shown  by  the  much  larger  contrac- 
tions of  the  muscle  j  probably  a  contraction  will  be  obtained  not 
at  both  make  and  break  of  the  exciting  current.  After  removing 
the  polarising  current,  the  contractions  obtained  by  exci? 
nerve  will  be  for  a  short  time  smaller  than  the  normal,  but  sooo 
return  to  their  original  size. 

ictly  the  reverse  occurs  when  the  polarising  current  w 
axemding,  i.e.,  from  the  muscle  towards  the  spinal  cord.  The 
non-polarisable  electrode  near  the  exciting  electrodes  is  now  the 
■node.  While  the  polarising  current  is  passing,  the  excitability 
of  the  nerve  is  diminished  so  that  induction  shocks  which  pre- 
viously produced  contractions  of  a  certain  size,  now  product 
smaller  contractions,  or  none  at  all.  On  removing  the  poll 
current,  the  after-effect  is  increase  of  excitability. 

The  following  figure   is  a  reproduction  of  a  tracing  from  id 


Fig,  i*k.-Eieetxotoinii*.    It,  nuke.    B*  break. 

actual  wqperiaient.  The  after-effects  are  not  shown.  N  repre 
aents  a  series  of  contractions  obtained  when  the  nerve  is  normal. 
K  when  it  is  katelectrotonic,   \  when  it  is  anelectrotonic 
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Exactly  similar  results  are  obtained  if  one  uses  mechanical 
stimuli,  such  as  hammering  the  nerve,  instead  of  induction  shocks. 
The  same  ta  true  For  chemical  stimuli.  If  the  exciting  electrodes 
are  removed,  and  stilt  sprinkled  on  the  nerve  near  the  muscle, 
the  latter  soon  begins  to  quiver ;  its  contractions  are  increased 
by  throwing  in  a  descending  and  diminished  by  an  ascending 
polarising  current. 

The  increase  in  irritability  is  culled  kat  electro  tonne,  and  the 
died  anelectrotonus.  The  accompanying  diagram 
186)  shows  how  the  effect  is  most  intense  at  the  points  (a,  h) 
where  th  >ies  are  applied,  and  extends  in  gradually  dimin- 

ishing intensity  on  each  side  of  them.      Between  the  electrodes 


Fig.  iSf.— Di&pnuii  illustrating  the  effects  of  Y&rioxui  intensities  of  the  polarising  currrnt. 
*.  *\  nem  ;  a,  ivn-Nl- •;  *,  kathode;  th.  <  ur>^  above  in&cate  increase,  and  tho*e 
below  decrease  of  irritability,  and  when  the  current  is  small  the  increase  and  decrease 
an  both  small,  with  the  neutral  point  near  a,  and  an  the  current  is  increased  in 
strength,  the  changes  in  irritability  are  greater,  and  the  neutral  point  approaches  k. 


the  increase  shades  off*  into  the  decrease,  lad  it  is  evident  that 
there  must  be  a  neutral  pohU  where  there  is  neither  increase  nor 
decrease  of  irritability.  The  position  of  this  neutral  point  is  found 
to  vary  with  the  intensity  of  the  polarising  current — when  the 
current  is  weak  the  point  is  nearer  the  anode,  when  strong  nearer 
the  kathode. 

Electrotonic  alterations  of  conductivity, — When  ■  con* 
stant  current  is  passed  through  a  nerve,  not  only  is  its  excita- 
bility of  power  of  responding  to  stimuli  altered  in  the  way  just 
described,  kml  it*  r-n^uethitv  or  power  of  conducting  nerve  im- 
pulses is  altered  as  well  Moreover,  the  alteration  in  conductivity 
doee  not  run  parallel  to  that  of  excitability. 

If  weal;  Climate   are    Hied,  there    is    hut   little  change   in    the 

lucttttg  power  Of   the   nerve,  and  what  little   change   then/    b, 

ifl   in    the  direction  of  diminution    m BttT  the   kathode.      But  when 

the  itrength  of  the  current  is  increased,  the  diminution   of  con- 

HOTf  marked  round  the  kathode,  and  gradually  fades 
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away  towards  the  anode  (rt^r.  187,  i).    On  tncreaaiog 
«*f  the  current  still    more,  the  l>  nductivitj 

spreads  over  both  the  anodic  and  kathodio  regions  (fr_ 

When  the  current  is  taken  out,  the  reverse 
Kut  this  after-effect  only  lasts  1  abort  time.      Ii 
166  tfye  effect  of  breaking  a  current  of  model  a,  vLt,# 


!♦    A 


2.   A 


Fig.  187.—  lUsi^nvm  illiiKtiTitin^  the  effcr-t*  <d  n  pokrittintr  rum  nt  <m  tin*  oondui  I 
A   '  wd  tin  anode  ano  k 

ectively,     The  enrre  reprwcnU  the  full  of  Cstrnductivity  whi 
I  ad  .1  weak  uuiieut  m  uunru,  the  full  of  DonductiYity  i*    uT^tot  umnd  tt» 
katlvHli •:  in  ft,  with  ■  BtraQgff  4UJT»nt  the  full  i*  ^Tenter  and  h»*»  *pr*»d  no  i»  fa 
Enfilade  the  anodic  region.    9  riunn  Qm  effect  bnomediatelj  *ftei  il  I  qf  tk 

i  umnt ;  the  full  in  then  greatest  in  the  pout-anodic  region,       Alia  Bb 

(all  of  conductivity  in   the  post  anodic   region  which  gradually 

fades  away  towards  the  kathode, 

Ffitiger's  law  of  contraction, — The  constant  current  some- 
times  causes  a  contraction  both  at  make  and  break,  soinetn 
make  only,  sometimes  at  break  only.  The  difference  deviate  on 
the  strength  and  direction  of  the  current;  and  follows  from  the 
electrotonie  changes  of  excitability  and  conductivity  we  ha\  - 
studying.  Increase  of  excitability  acts  as  a  stimulus  ;  10  that  at 
the  make  the  kathode  is  the  stimulating  electrode,  and  at  the 
break  the  anode  is  the  stimulating  electrode. 

The  facts  may  be  dein  t  in   the   following  way;  from  * 

battery  lead  the  wires  to  the  middle  screws  of  a  reverser  (with cross 
wires),  interposing  a  key ;  from  one  pair  of  end  screws  of  the 
reverser  lead  wires  to  the  binding  screws  of  the  rheochord  ;  from 
these  same  screws  of  the  rheochord  the  non-polarisnble  electrodes 
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lead  to  the  Item  I  4  "-  nerve-muscle  preparation.  The  strength  of  the 
current  ia  varied  by  the  slider  S.  The  near,  t  B  il  to  the  binding 
screws  the  leas  is  the  rasJssafMM  in  the  rheoehurd  circuit,  and  the 
less  the  current  through  the  nerve.  With  a  weak  current,  a 
fraction  occurs  at  make  only,  but  nun-  ivadily,  />.  with  a 
weaker  run!  iit    when   its  direction    ia  descending,  he,  towards  the 


FSjf .  iW*-  Arntfigt'tnLiit  of  apjiarutu-  fur  d< nmn-trnting  Pflugvr'n  law. 


Je.     With  a  stronger  current  {ascending  of  descending)  con- 
it  ion  OOOOfl  boA  at  make  and  break.     With  a  very  strong 
irrent  (six  V, roves),  the  contraction   occurs  only   at   make   with 
descendin;j;   current  ;    and    only    at    break    with    an   ascending 

ent. 

The  contractions  produced  in  the  muscle  of  a  nerve-muscle 
preparation  by  a  constant  current  have  been  arranged  in  a  table 
which  is  known  aa  Pfluger's  Law  of  Contraction*  It  is  really 
only  a  statement  as  to  when  a  contraction  may  be  expected  : 


BruxoTit  or 

CCftftEJTT  rou>. 


Weak  

Moderate., 
Strong.,,.. 


DftdCXKDIXO    CCRKJKVT. 

Make. 

Break. 

No. 

Yes. 
No, 

Yen. 

Yea. 

Yea 

AactXDina  CcMtnrr. 


Make. 

Yea, 
Yea. 

No. 


lln-uk, 


No. 
Yea. 


The  increase  of  irritability  at  the  kathode  when  the  current  is 
U\  is  more  potent  to  produce  a  OOHtnu Stioo  than  the  rise  of 
irritability  at  the  anode  when  the  em-runt  is  broken  ;  and  so  with 
weak  eurrcrits  the  only  effect  is  ;i  omtraHinii  at  the  make  of 
loth  currents.  There  is  little  or  no  alteration  in  the  conductivity 
ot  tlte  nerre  to  hinder  the  propagation  of  the  impulse  so  started. 

With  a  current  of  moderate  Strength  and  in  an  ascending 
direction,  the  excitation  which  occurs  at  the  anode  at  break  Starts 
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an  ir^p'*!-*  in  a  pt*rt  of  the  nerve  near  the  niuscle,  and  not 
.■*rpB»rat*d  i rooi  it  by  any  region  of  diminished  conductivity ;  at 
mak*  al.-o  there  w  no  bl«jck  to  prevent  the  excitation  which  occurs 
»r.  the  kathodr  from  reaching  the  muscle,  since  with  moderate 
current*  the  fall  of  conductivity  does  not  reach  the  anodic 
region  tfix.  16".  1 1.  When  the  current  is  descending,  the  excita- 
tion at  the  make  i->  at  the  kath-jde,  and  as  this  is  near  the  muscle 
there  i*  no  block  in  th»-  n~rve  between  it  and  the  muscle;  at  the 
break,  the  kath«*lic  Muck  i»  reuiuved,  and  so  the  anodic  excita- 
tion is  Pradily  pro|«agated  t«>  the  muscle. 

With  strong  currents  the  case  is  a  little  more  complicated, 
because  here  the  diminution  of  conductivity  is  so  great  that 
certain  regions  of  the  nerve  become  impassable  by  nerve-impulses. 
When  the  current  has  an  ascending  direction,  the  impulse  at  the 
break  i*  started  at  the  an-*le.  and  as  this  is  next  to  the  muscle 
there  in  no  hindrance  to  the  propagation  of  the  impulse,  but  at 
the  make  the  impulse  started  at  the  kathode  is  blocked  by  the 
lowering  of  conductivity  which  as  we  have  seen  with  strong 
currents  spread*  and  reaches  the  anode  (fig.  1 8 7,  2).  When  the 
current  is  descending  the  kathode  is  near  the  muscle,  and  so  the 
impulse  at  make  reaches  the  muscle  without  hindrance ;  but  at 
the  break,  the  impulse  started  at  the  anode  has  to  traverse  a 
region  of  nerve,  the  anodic  end  of  which  has  a  smaller  con- 
ductivity immediately  after  opening  than  during  the  flow  of  the 
current  (tig.  187,  3);  the  kathodic  end  of  this  region  also  does 
not  become  immediately  passable  after  a  strong  current. 

Thus  we  have  seen  that  two  circumstances  influence  the  effect 
of  the  constant  current  upon  a  nerve,  viz.,  the  strength  and 
direction  of  the  current.  It  is  also  necessary  that  the  stimulus 
should  be  applied  swldenly  and  not  gradually,  and  that  the  in* 
ttihility  of  the  nerve  should  he  normal ;  not  increased  or  diminished. 
Sometimes  (when  the  preparation  is  specially  irritable)  instead  of 
a  simple  contraction  a  tetanus  occurs  at  the  make  or  break  of  the 
constant  current.  This  is  liable  to  occur  at  the  break  of  a 
strong  ascending  current  which  has  been  passing  for  some  time 
into  the  preparation,  or  at  the  make  of  a  strong  descending 
current ;  both  being  conditions  which  increase  the  excitability  of 
the  piece  of  nerve  nearest  to  the  muscle ;  this  is  called  Bitter's 
tetanus,  and  may  be  stopped  in  the  first  case  by  throwing  in 
the  current  in  the  same  direction,  or  in  the  second  case  by  throw- 
ing in  a  current  in  the  opposite  direction. 

The  same  general  laws  hold  for  muscle  as  well  as  for  nerve, 
but  are  more  difficult  to  demonstrate ;  the  main  fact,  however, 
♦hat  the  kathode  is  the  stimulating  electrode  at  the  make,  and 
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ode  at  the  break,  may  in*  shown  by  the  following  experl- 

if  a  curarised,  that  is,  B  phyaiologicidly  nerveless  n 
tit  arranged  as  in  the  experiment  fur  demonstrating  the  muscle 
wave  (see  fig.  149,  p.  125),  and  a  uon-polarisable  electrode  i 
at  each  end,  the  mi  -0  at  the  make  of  a  constant  current 

Htaru  at  r  re  electrode  (kathode)  and  »t  the  break  at  the 

vo  electrode  (anode). 
Am  inde  at  is  tin-  immwierj  circuit  of  ao  indvetoriitni 

maybe  regarded  as  a  current  of  such  short  duration   that   the 
tig  and  closing  are  fused  in  their  This  is  true  (or  all 

induct  ion   currents,  whether  produced   by  the  make  or  break  of 

the   primary  circuit.    The   kathode   will   always   be   the 

effective  in  causing  eon t rat  t ion. 


1    of  II b H  1  n   U 1  m  1  m  a n t»  N krves  to  Electrical 
Sum  1  1  inoo 

Perhaps  the  most   Important  outcome  of  this  study   of  the 

aponse   of   muscle   and   nerve  to  electrical   etimmlation   hi  its 

ktion    to   the   muscles  and   nerves  of   the   human   body, 

&use   here   it  forms  a  most  valuable   method  of  diagnosis  in 
iisease.     The   following   account  of   this   is   chiefly  an 
ajbatnct   bom   Bit  William    (lowers*   Manual   of   Diseases  of  the 
eon. 
In    the    normal   state,    nerves    can    bo    stimulated    either    by 
induction  shucks,  or  by  the  make  and  break  of  a  constant  current. 
In  the  case  of  the  motor  tinves  this  is  shown  by  the  contraction 
of  the  muscles  they  supply:  and  in  tb  >vy  nerves 

by  th«  us  that  are  produced.      In  the  case  of  the  sensory 

B,  the  sensation  produced  by  the  constant  eurrent  is  imof 
intense  at  the  instant  of  make  and  break,  of  when  t lie  stn  n^th 
of  the  current  is  changed  in  the  direction  either  of  diminution  or 

|*e  ;   but    there   is  a  slight   sensation    due  doubtless  to   the 
elect rotonk  alterations  in  excitability  which  we  h  we  beet)  study- 
ing, dozing  the  whole  time  that  the  current  is  pearing 
When   the  nutrition  of   the    nerves  is  impaired,  much  str* 
currents  of  both  the  tnd need  and  constant    kinds  are  necessary  to 

iv4-  muscular  contractions  than  is  the  normal  state.  When 
the  nerve*  in)  completely  degtmerated  (as  for  instance  when  they 

Cilt  off  hom  the  spinal  cord,  or  when  the  cells  in  the  cord 
from  which  they  originate  are  themselves  degenerated,  M  in 
infantile  paralysis)  DC  inns,  ular  contraction  can  be  obtained  OS 
stimulating  the  nerves  even  with  tin  strongest  currents. 

The  changes  in  the  excitability  of   tbe  muscles  are  less  simple, 
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became  in  them  tin w  are  two  excitable  structures,  the  termina- 

and  the  muscular  fibres  tl< 
tIm-  tM'r\'i- :  the  more  sensitive  to  indu  rrents,  tod 

the  farad  if  ^t imiiliitioii  of  a   muscle  Under  normal   circumstances 
i*  by  in- hi-  oi  bhi  le  motor  nerve-endings.     Thus  we  find  t) 
excitability   corresponds  hi   degree    '  f    the    motor  iurrr 

supplying  it.      The  muscular  Hhi  en  in  the  normal  state, 

lew  sensitive  to  farad  ism  (that  is,  a  succession  of  induction  shock*) 
than  the  nerve,  because  they  are  inculpable  of  ready  response  to 
stimuli  so  v^ry  short  in  duration  as  are  the  shocks  of  which  a 
farad  ic  current  consists,  (The  proof  of  this  consists  in  the  fact 
that  under  the  influence  of  curare,  which  renders  the  muscle 
practically  nerveless,  the  muscle  requires  a  much  strong 
current  to  stimulate  it  than  in  the  normal  state.)  But  wfa 
nerve  is  degenerated,  the  make  or  break  of  tb  uit  current 

ll  imnlittes  the  muscle  as  readily  as  in   the  normal  state;   ) 
BOHtnotfoO    is   propagated   more  slowly  than   that    which  occurs 
ffbftfl    dir  nrrv.'lihres  are  intact,  and  is  due  to  the   - 
erf   Hi.    Bftuacular  fibres  them  The  fact  that,  under  normal 

circumstancee,  the  contraction  which  is  caused  by  the  constant 
current  is  as  ipiiok   as   that    produced  by  an  induction  shock,  i* 
gfOUSd   for  believing  that  in   health    the    constant,    like    the  ire 
duced  current,  causes   the  muscle  to  contract  chiefly 
the  motor  nerves  within  it. 

When  the  motor  nerve  ii  degenerated,  and  will  not  responl  fo 
miiv  1  •  ill 1 1  of  electrical  stimulation,  the  muscle  also  loses  all  its 
pOfftf  of   response   to   induction   shocks.      The  iier\  c  defeneration 

is  aoooenpsnted  by  changes  in  the  nutrition  of  the  muscular  rubra 
as  is  evidenced  ley  their  rapid  wasting,  and  any  power  of  response 
to  faradism  tiny  possessed  in  the  normal  state  is  lost  But  the 
response  to  the  eons  taut  current  remains,  and  is  indeed  more  really 
than  in  health,  doubtless  in  consequence  of  nutritive  changes 
whieh  develop  what  the  older  pathologists  called,  truly  enough, 
* '  i  rr  i  ta  1  «1  e  w  ea  k  n  ess,  * '  There  is,  moreo v  e  r ,  ft  qualHattf 
u  ;(  quantitative  change.  In  health  the  first  contraction  bo 
on  gradually  increasing  the  strength  of  the  current  is  at  the 
rheo  the  circuit  i  -  see  F fl  tiger's  law),  and  a 

er  current  is  required   before  closure-contraction  occurs  at 
the  positive  pole.      Hut    in   the  morbid  state  we  are  discussing, 
n. tenon  may  occur  at  the  positive  pole  as  readily  as  or 
even  more  readily  than  at  the  negative  pole.      This  condition,  the 
reasons  for  which   we  do  not   know,  is  called   the  "  Reaction  of 

Suppose  a  patient  conies  before  one  with  muscular  paralysis. 


REACTION    OF    MOKNBRATION. 


This  may  be  due  to  disease  of  the  name*  <>i  the  eclta  of  the 
vl  cord,  or  of  the  brain.  If  the  [luralysis  is  due  to  brain 
b,  the  muscles  will  he  slightly  wasted  owing  to  disuse,  but 
il  irritability  of  the  muscles  ami  tk\ .tvcs  will  be  normal, 
they  .'ire  still  in  connection  with  the  nerve  -cells  of  the  spinal 
>nl  that  eon tnil  their  nutrition.  But  if  the  paralysis  is  duo  to 
either  of  the  spinal  OOrd  Or  of  the  nerves,  this  nutritive 
flnenee  can  DO  longer  he  exercised  over  the  nerves  or  muscles. 
The  niTVrs  will  degenerate  ;  the  DAlttCke  Wailte  rapidly  ;  the 
irritability  of  the  nerves  to  both  forms  of  electrical  stimulation 
will  be  lost;  the  muscles  will  not  reepond  to  the  faradic  current, 
but  in  relation  to  the  constant  current  they  will  exhibit  what  we 
have  called  the  "  reaction  of  degenflr&tiott/' 

This  illustrates  the  value  of  the  electrical  method  as  a  means 


p.  iSg.— Electrode*  applied  t«  the  hIci'ii  aver  a  nervo-trunk.  In  a  the  polar  urea  in 
ftneleetrufrmie,  *nd  tho  peripolar  kMelectrotonk.  The  former  conditjon.  therefore, 
pl^Mllllllimli  Hirn«i  th-'  i  urn  nt  i-  BOft  DMMMDlmtsdi  Eb  I  thl  OOOditklSI  an- 
\  tl»»  polur  rone  correspond nig  here  to  the  kathode,     (After  Waller.) 


of  diagnosis,  that  is,  of  Hnding  OUf  what  is  the  matter  with  a 
patient.  It  is  also  ft  valuable  means  of  treatment;  by  making 
tin-  masctai  OOlltnot  artificially,  their  nutrition  is  kept  up  unti 
restoration  of  the  aervee  *>v  hcrvieentn  s  is  brought  about. 
Another  illustration  will  indicate  that  the  facts  rc^ardine; 
otrotonic  variation  of  excitability  an  true  for  sensory  as  well 
as  for  motor  nerves;  in  I  ease  of  neuralgia,  relief  will  often  be 
obtained  by  passing  a  constant  current  through  the  nerve;  but 
the  pole  applied  to  the  nerve  must  be  the  anode  which  produces 
diminution  of  excitability,  not  the   kathode  which    j  the 

reverse. 

Waller  has  pointed  oat  that  Pflflgeral  law  of  contraction,  as  formulated 
for  from'  muscles  and  nerves,  is  true  for  human  muscles  an- 1  nerVM  in  the 
main,  hut  the*  rraiu  discrepancies.     These  arise  from  the  method 

necessarily  employe t  in  man  being  different  from  those  used  with  a  muscle- 
nerve  preparation.  In  a  umscle-oetTB  preparation  the  nerve  El  dissected  out, 
two  electrode*  placed  on  It,  and  the  current  ha^  of  necessity  to  tf»?«BM 
the  piece  of  nerve  between  the  two  electrodes.  In  man,  the  current  is 
applied  by  means  of  electrodes  or  rheophores  which  consist  of  metal  discs 


i«4 


lonmumnM 


ith 


I  Willi  am**  feather,  sad  soaked  is  brine.  One  of  these  is  placed  on 
I  «Ue  over  tlie  nerve,  and  the  other  to  tome  indifferent  potti 
saeh  a*  th*  b*rk.  The  current  find*  it*  wmj  from  one  electrode  to  the  r*b* 
not  neeeasnrilv  through  the  mart*  to  uy  great  extent  (though  it 
concentrated  at  the  nerve  a*  it  leaves  the  made  or  reaches  the  kstbofc ,. 
bat  diffuses  widcl  v  th  rou?h  the  bodv.  seeking  the  paths  of  least  reastan*. 

.t  iApoMthle  lo  re*  pore  anodic  or  kasfcorisc  effect*.  If  the  atxriefe 
applied  over  the  nerve,  the  current  eaten  bj  a  aeries  of  points  (polar  sose), 
and  leave*  bv  a  second  series  of  pointf  f peripolar  none).  The  second  ssna 
of  points  la  very  close  to  the  &i%t.  as  the  current  leaves  the  nerve  atsom 
Si  possible,  seeking  less  resistant  paths.  The  polar  sone  will  be  in  the  cos. 
dition  of  anelectrotonnsu  the  peripolar  in  that  of  kutelectrotonua,  so  that 
although  the  former  effect  will  predominate,  the  points  being  more  con. 
centrst**],  the  latter  effect  mav  prevent  a  pore  anelectrotooic  effect  lei*? 
obscr  Ho), 

.  —  We  have  already  seen  that  these  two  prcv 
nertie*  of  nerve  do  not  necessarily  go  together.  We  learn  the  same  kava 
from  the  following  experiments.  The  nerve  of  a  frog's  leg  is  led  thwagh 
a  glass  tube,  the  ends  of  which  are  sealed  with  clayt  bat  the  nerve  must  sot 
be  compressed.  The  tube  is  supplier]  with  an  inlet  and  outlet,  so  that  gift* 
may  be  passed  through  it.    Two  pai  rs  of  el  re  arranged,  so  that  tht 

•  an  >*•  stimulated  either  within  or  outside  the  tube.  If  carbonic  sod 
in  passed  through  the  tube,  and  the  nerve  stimulated  by  an  induction  shock 
within  the  tabe,t]  e  muscle  does  not  respond ;  but  on  stimulating  out 

the  muscle  contracts.  The  nerve  is.  therefore,  not  excitable,  though 
rt  will  con- 1  [sea.     If  alcohol  vaponr  is  used,  conductivity  vanish* 

before  excitability.     Cold  acts  like  carbonic  acid  ;  localised  cold  a? .: 
nerve,  however,  iriereaaes  its  excitability  I  <tant  current,  and  iW 

|0  mcrhameat  nnrl  thermal  stimuli  (Gotch). 

Waller  tests  the  excitability  of  nerve  by  the  amount  of  current  of  action 

riM  if> ;  not  by  the  amount  of  contraction  in  the  muscle  to  which  it 
leads.     H<-  Bndi  that  the  effect  of  carbonic  acid  in  large  doses  is  to 
the  nrlivity  of  nerve;   but   after  the  gas  if*  removed,  there  is  greatly  in* 
created  acurity.     Ether  acts  similarly  :  but   with  •  m  there  ■  do 

Small  doses  of  carbonic  nci»l  increac 
WaUar  considen  thai  the  staircase  effect  in  muscle  (p.  124),  and  thesimiar 
Increase  noted  in  the  action-en  the  result  of 

repratt'il  stimulation  is  due  to  the  evolution  of  this  <_ 


CHAPTER    XVII. 


NERVE-CENTRES, 

Tmc  nerve  rent  res  consist  of  the  brain  and  spinal  cord;  they 
<  1  no-tensed  by  containing  nerve-cells,  from  which  the  nerve- 
fibres  of  the  nerves  originate.  Small  collections  of  nerve-cells 
ure  found  alto  in  portions  of  the  peripheral  nervous  system,  where 
they  are  called  tjanylia.  The  spinal  ganglia  on  the  posterior 
ol  the  spinal  nerves,  and  the  sympathetic  ganglia  art 
instances  of   these. 
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The  general  Arrangement  of  the  cerebro spinal  axis  is  given  in 
inying  diagram.     The  nerves  whieh  Mke  origin  from 
ie   brain  are  called 
'1  nerves;  there 
are    twelve    pain  of 
of  them, 
the     nlfact 

ic,    and    auditorj 

rvea,  are  nerves  of 

•  i.ii  mqm  ;  othen 

the  region  of 

I  with  motoi 

d    sensory    fibres. 

pair   (the  tenth) 

Ball*   i     the    pneutno 

gastric       or      vagus 

mainly 

distributed     to     the 

viscera  of  the  thorax 

abdomen,  and  ;» 

part  of  another  pair 

(the  eleventh),  called 

the    spinal  aooooaorj 

-mites    with 

tin      ragttfl    prior    to 
ii  distribution. 
\v  e  shall  in  our  tab 
ssqiisnt  study  of 

heart,  lung*.  BtOfflSOt 
and  other  organs 
have  frequently  to 
allude  to  these  DSTTSS. 
The  first  tWO  pairs  of 
cranial  nerves  (the 
olfactory     and      the 


rurht  huir  01  trw-  ■"rnnium 
and  trunk  of  the  IxhIv 
been  removed  by  a 
tical  section ;  the 
ibmneH  of  the  brum 


sod  epical  cord  Hare  al*o  been  removed,  and  the  root*  and  fir*t  pari  of  the  fifth  und 
ninth  cranial,  and  of  all  the  rainal  nerve*  of  the  right  aide,  have  been  directed  out 
and  laid  separately  on  the  wafi  of  the  skull  and  on  the  several  vertcbrt*  opposite  to 
the  place  of  their  natural  exit  from  th  e  cranio-epinal  cavity.    ( After  Bomgery.) 


NKl: 
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urn.     The  remaii      _ 
from  the  iled   the  the  fniirri, 

r^  i  mtnedi Jit e  neighbourho 
matter  is  situated  a!  the  lower  part  of  the  brain  wh 

I  ;    fchlfl    p 

fata. 
Tli<    spinal  i  iu  rutmber  to  the  numb*  of 

bm,  and  their   general  structure    and    fu«  -   Wc 

idled  (pp,  165—168). 

TrV'  more  infim..'  ire  of  the  brain  and  spinal  cord  we 


Fly.  1  •-.  1 .  -  Branch  ed  neurogli*-ceH .    (After  Stohr. j 

shall  consider  at  length  in  subsequent  chapters.  For  the  present 
u«-  >hiill  deal  with  some  of  the  general  aspects  of  the  tierve- 
renin's,  bnth  ;is  n  L;mU  strih  htre  and  function. 

Both  brain  And  spina]  cord  consist  of  two  kinds  of  tissue,  easily 
distinguishable  by  the  naked  eye.     They  are  called  resp* 
wmU  matter  and  piny  matter. 

Whit*  matter  ia  composed  of  meduUated   nerve-fibres, 
differ  in  structure  hum  the  moduUated  fibres  of  nerve  by  having 
no  primitive  sheath. 

Grrp  matter  is  the  hue  central  material  so  far  u  func- 

tion ;  that   is  to  say,  it  is  the  part  which  receives  and  sends  out 
as   Impulses;  it    i*  characterised  by  containing  nerve-cells 
and  their  branches, 

In  the  brain  the  grey  matter  is  chiefly  situated  on  the  surface, 
forming  what  is  called  the  cortex  ;  the  white  matter  and  certain 
subsidiary  masses  of  grey  matter  are  in  the  interior. 


*ra.] 
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In  the  spinal  cord,  the  gray  matter  is  in  tlio  interior,  the  white 
t  outside. 

Ill    both  1  white  matter  the  nerve  rolls  and  nerve  fibres 

•To  supported  by  a  peculiar  time  which  is  called  nturofjlia.  It 
is  composed  of  cells  and  fibres,  the  latter  being  prolonged  from 
the  cells.  Some  of  the  fibres  are  radially  arranged,  They  start 
from  the  outer  ends  of  the  ciliated  epithelium  edit  that  line 
the  central  canal  of  the  spinal  cord  and  the  ventricles  of  the 
brain,  and  diverge   OOBStantfy  bcVKshklg  towards   the   surface  of 


11       I  -\ 


tig.  19*.— Different  form*  of  DtlTXtOt,      -t,  ".  nmnd  boll-alwped  unipolar  roll  from 
the  hunun  0»**?nnii  iran^lMn.     A  to.     Two  cell*  only  show  the  proecaa 

/;  a,  sptndle~«htt)  the  nuinal  ixjrd  of  the  ox,    X  80. 

«*.   /'.  Purl  inn  r-t'lli  Cm  hunm  eerebelliUB ;    '^,  axin-crlinder  pneemi 

p*  pratoplipttnir-  procem :  h,  ht  two  cell*  nurrounded  with  *  nucleated  sheath.     (Stohr.) 

the  organ,  where  they  end  by  slight  enlargements  attached  to  the 

pia  mater.  The  Other  fibres  of  the  tissue  are  cell  processes  of 
the  neuroglia  *>r  glia  cells  proper,  <*r  spider  cells  as  they  are  some- 
times termed  (*M  fig,    191). 

Neuroglia  is  thus  a  connective  tissue  in  function,  but  it  is  not 
one  in  origin.  Like  the  rest  of  the  nervoafl  system,  it  originates 
from  the  Outermost  layer  of  the  embryo,  the  epiblast.  All  true 
connective  tissues  are  mesoblastic. 

Chemically  it  is  very  different  from  fionneetiTe  tissues.  It 
consists  of  an  insoluble  materia]  called  imro-Jbrqluty  eg  oerfe- 
horn,  similar  to  the  horny  substance  keratin  which  is  found  in 
the  surface  layers  of  the  epidermis. 
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Varieties  of  Norve-Cells. 


Nerve-cells  differ  a  l"»"1  deal  both   to  flh  I   s«a    TW 

nucleus  is  generally  large  Mid  spherical,  with  a  distinct  niidaha 
The  principal  varieties  in  shape  of  nerve-eells  are  shown  in  fig,  191, 

They  may  be  roughly  ^li\  i*led  into  three  groups  accom 

the  nun 

unipolar,    hi  polar, 

)  Is,  or  c< 
process,   are     found    in    I 
ganglia   (fig.     192,    A 
spherical    in 
a   nucleated  sheath, 
process  after  a 
one  of  th 

igliou   by  a  Ts"**!*^  Ju" 
It  has,  however,  aim 
plained  <p.  166,  r 
unipolar  cells  are  in  reality  bipolar, 
the    two  processes    having 
amalgamated  for  Ustanct 

few    cells  are  eel  Is  with  two 
branches,    Tt 
of  the  cells 

is    one     example     of     these.      In 
many  lower  animale   the   tw 
cesses  come  <>tl  from    the  opj 
ends  of  the  cells  (fig.    19: 
cell  appears  as  a  nucleated  enlargt- 
ment  on  the  coarse  of  a  nervt 
J 11  some  cases,  however,  where  thm 
appear  to  be  two  fibres  eonoectri 
with  a  cell,  one  of  them  is  1 
derived  from  another  cell  elsev. 
and  is  passing  to  end  in  a  ramification  which  envelopes  the  gtog* 
lion  cell  ;  it  may,  as  in  the  sympathetic  ganglia  of  the  h 
coiled  spirally  around  the  issuing  nerve  process  (see  fig.  rg 

Multipolar  nerve-cells  :   here  the  cell  becomes  angular  or  std- 
late.      It   was  formerly  thought  in  some    instances,   as   in  the 
cells  of  the  sympathetic  ganglia  {fig.  194),  that  all  the  proew 
become  nerve-fibres,  but  this   is  not   so,  for   here  as    well  *a  m 
the  large  cells  of  the  grey  matter  of  the  spinal  cord  (fig. 


Pig.  103.-S1 


of    a    frog, 
tBeule.) 


bag.   hflgfe 


ic  ganglion  cell 
highly    magnified. 


°g-  f95)»  oll'y  olie  process  bMMBei    the  axis  cylinder  of  a 

t»re,  the  others  dividing   and   subdividing  in  a  ramififlfl 

er  until  they  end  in  :oi   u  bnreeoenoe  of  line  t «  i. 

any  of  these  cells,  especially  those  in  the  spinal  cord,  have  a 

fibrillar  structure,  ami  the  fibrils  km  bi  tamed  into  the 

cylinder  process  and  the  other  hramdios  of  the  cell.     Other- 


K.—  An  isolated  sympathetic  fr&nglton  nil  of  man,  showing  sheath  with  nucleated- 
lining,  IV      A    Ounglkm  cell,  with  ductus  and  nucleolus.     C.  Branched  pruccu. 
1> .  Ajus-eyli u< !  i ■  r  proem .      K  cjr  and  Beteins. )     X  750, 

the   cells   have   a  finely    granular   appearance,*   and   often 

«ss  a  deposit  of  yellowish  pigment  at  one  side  of  the  nucleus. 

preparations  made  by  Golgi'a  nitrate  of  silver  method,  the 

and  their  processes  arc  stained  black  by  a  deposit  of  silver, 

at  the   processes   can   be  traced    to   their   remotest   ramiliea 

By  this  method  it  is  found  that  the  axis  cylinder  process 

i< »t    unbranehed    {as   represented  in   fig.  195),  but   invariably 

off   fine   side   branch*-*  which   are    called  collaterals,  which 

lfy   in   the  adjacent   nerve  subetaaoe.     The  aiis  cylinder 


granule*,  which  can  be  readily  stained  with  methylene-bluc,  arc 

ifieance  ;  in  fatigue  of  tho  cell,  as  after  an  epileptic  lit,  they 

apparently  oted  ap  during  the  discharge  of  energy  (Nissl), 


\  i;  r  km 


en.  vm 


Acquires  the  sheaths,  and  is  converted  into  a  nerve-fibre.  TLis 
nerve  fibre  sornetiiues,  lis  in  the  nerve-centres,  after  a  mm 
extended  course  breaks  up  id  to  a  terminal  arborescence  a 
bfl  Otto  in  rw  ivlls.  Kven  the  long  type  06  ;l\is  cylinder  whidi 
into  the  nerves  ultimately  ends  in  a  similar  manner;  ** 
have  already  seen  an  in  11  anoe  erf  this  in  the  end-plate*  of  volon* 
tiiry  muscle. 

The  grey  matter  of  the  cerebellum  contains  a  large  nunj' 
Small  nerve-cells,  and  one  layer  of  large  cells  which  are  shown  id 
fig.  192,  D  d.    They  are  flask-shaped,  and   are  called   the  ctUt  <y 


*%♦  *95'— Multipolar  nerve  crll  From  anterior  horn  of  spina   cord  ;  «,  axis  cylinder 
proc<  —       M  .\  Si-hull 

Pitrkhiji'.    The  neek  of  the  flask  breaks  up  into  branches,  and  the 
axis  cylinder  process  (aw)  cornea  off  from  the  base  of  the  flat 

In  the  grey  master  of  the  oerebrana  the  nerve-cells  are  various 
in  shape  and  siae,  but  the  most  ehararteristie  cells  are  large,  and 
pyramidal  it)  shape;     Tiny  are  especially  large  and  uumemua  to 
uhnt  are  culled  the  motor  areas  of  the   brain.     The  apex 
cell  is  directed  to  the  surface  ;  from  the  angles  branch b 
cesses   originate  ;  the  axis  cylinder  process  comes  off  from  the 
base  of  the  pyramid  (fig.   196,  a,  11).      The  next  figur- 
shows  ■  section  of  cerebral  cortei  prepared  by  Grolgi'a  metb 

The  study  of  the  nervous  system  by  the  valuable  method  in- 
troduced by  Golgi  has  led  to  some  new  conceptions  as  to  it* 
structure.  The  whole  nervous  system  consists  of  uerve-cells  aiyd 
their  branches,  supported  by  neuroglia  in  the  central  nervous 
system,  and  by  connective  tissue  in  the  nerves.  Some  1 
processes  of  a  nerve-cell  break  up  almost  immediately  into  smaller 
branches  ending  in   arborescemes  of   hue    twigs  ;   these  branches 


ft».  196. — Cerebral  corte*  of  mammal, prrpared  by  Gnltf'w  method.     x,n,*\t>t  r,  nerve- 
k,  neuruglia-evll.    (EamoD  y  Oajal.) 

njHilsos,  rhcdcudrons  being  rootlets  which  suck  tip  nutriment  for 
ae  nerve-cell     This  exclusive  view  has  not,  however,  been 
lly  accepted  ;   the  dendron*   may  he   nutritive,  but  it  in  believed 
at  they  also,  like  the  rest  of  the    nerve-unit,  are  concerned  in 
of  nerve  impulses,     A  strong  j>i-  - «  of  gvidenoe  in 
lis  direction  is  the  fact  that   the  fibrils  of  the  axis  cylinder  may 
traced  through  the  body  Of  the  cell  into  the  dendrons. 
The  next   idea  which   it  is  necessary   to  grasp  is,  that  each 
nerve-unit  (cell  j*tu&  branches  of  Uitli  kinds')  in  anatomically  inde- 
pendent of  every  other  nerve-unit.     There   is   no  Mtfotomon  of 
the    branches   from    one   nerve-cell    with   those   of  another;  the 
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arborusatiooft  interlace  and  intermingle,  and  nerve  impute  an 
transmitted  from  one  nerve-unit  to  another,  but  not  by  oonunoou 
structure:*.  The  impulses  are  transmitted  through  contiguous,  bat 
not  through  continuous  structures.  A  convenient  expressioQ  for 
the  iutcrujiijjfliiig  of  arborisations  is  $ynapse  (literally,  a  clasping). 
This  fact  is  a  little  difficult  to  realise  at  first.  The  old  notion  of* 
reflex  action  was  the  following  :  a  sensory  nerve-fibre  is  stimulated 
at  S  (fig.  197),  the  impulse  is  carried  up  to  a  sensory  neroall 
(S  C  J,  transmitted  to  a  motor  nerve-cell  (M  C)  by  branching  pro- 


M.C 


Fig.  197.— Reflex  action :  old  idea. 


cesses  connecting  the  two  (I),  and  then  reflected  down  the  motor 
nerve-fibre  to  the  muscle  (XI)  which  executes  the  action. 

The  figure  on  the  next  page  is  a  diagram  of  our  new  notion  of  a 
reflex  action.  Excitation  occurs  at  S,  as  before,  and  the  impulses 
transmitted  by  the  sensory  nerve-fibre  to  the  nerve-centre,  when 
it  ends  not  in  a  nerve-cell,  but  by  arborising  around  a  nerve-cell 
and  its  dendrons.  The  only  nerve-cell  in  actual  continuity  with 
the  sensory  nerve-fibre  is  the  one  in  the  spinal  ganglion  (G)  from 
which  it  grew. 

The  terminal  arborisation  of  the  sensory  nerve-fibre  merely  in- 
terlaces with  the  dendrons  of  the  motor  nerve-cell;  yet  simply 
by  this  synapse,  the  motor  nerve-cell  (M  C)  is  affected  and  sendi 
an  impulse  by  its  axis  cylinder  process  to  the  muscle  (M). 

A  very  rough  illustration  which  may  help  one  in  realising  this 
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iikiv  \>v  taken  as  follow*  :  Suppose  two  trees  stan<linic  si<le  hv 
bide;  their  steins  will  represent  the  axis  cylinders;  their  branches 
the  dendrons.  If  the  trees  are  close  together  the  branches  of  one 
will  intermingle  with  those  of  the  other :  there  is  no  actual 
branch  from  the  one  which  becomes  continuous  with  any  branch 
of  the  other ;  but  yet  if  the  stem  of  one  is  vigorously  shaken, 
the  close  intermixture  of  the  branches  will  affect  the  other  so 
that  it  also  moves. 

Another  very  important  general  idea  which  we  must  next  get 
hold  of,  is  that  a  nervous  impulse  does  not  necessarily  travel 


Fig.  198. — Reflex  action  :  modern  idea. 

along  the  same  nerve-fibre  all  the  way,  but  there  is  what  we 
may  term  a  system  0/ relays.  The  nervous  system  is  very  often 
compared  to  a  telegraphic  system  throughout  a  country.  The 
telegraph  offices  represent  the  nerve-centres,  the  afferent  nerve- 
tihrea  correspond  to  the  wires  that  carry  the  messages  to  the 
central  offices,  and  the  efferent  nerve-fibres  are  represented  by 
the  wires  that  convey  messages  from  the  central  offices  to  more 
or  lees  distant  parts  of  the  country.  This  illustration  will  serve 
us  very  well  for  our  present  purpose,  provided  that  it  is  always 
remembered  that  a  nervous  impulse  is  not  electricity.  Suppose, 
now,  one  wishes  to  send  a  message  from  the  metropolis,  which 
will  represent  the  brain,  to  a  distant  house,  say  in  the  Highlands 
of  Scotland.  There  is  no  wire  straight  from  London  to  that 
house,  but  the  message  ultimately  reaches  the  house ;  one  wire 
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to   Edinburgh  ;  another  wire  carries   it 

the  telegraph  station  in  the  town  inarm 
to  the  house  in  question  ;  and  the  W 
part  of  the  journey  is  accomplrsl,^]  r 
a  messenger  on  foot  or  h  Then- 

are  at  least  two  relay 

It  is  just  the  same  with  the  ik 
system.  Suppose  one  wishes  to  move  ;h<» 
arm  ;  the  impulse  starts  in  the  nerve^Ib 
of  the  brain,  but  there  are  no  fibres  tint 
go  straight  from  the  brain  t*>  the  inusck* 
of  the  arm.  The  impulse  travels  dutu 
the  spinal  cord,  by  what  are  called  pre* 
midal  fibres,  to  the  nerve-cells  of  theapinal 
cord,  and  from    t  I   nmr- 

fibres  pass  to  the  arm -muscles,  and  otra- 
tinue  the  impulse.  Here  again  ti 
iiection  between  the  nerve-units  is  by  w 
tiguity,  not  by  continuity.  This  is  shown 
in  the  accompanying  diagram.  The  rail 
of  the  cerebral  grey  matter  -cnted 

by  C.  C,  the  pyramidal  n erve- fibre  ar> 
borises  around  the  cell  of   I  tl  cwl 

)  from  which  the  motor  nen- 
arises,  and  which  carries  OH  the  impute. 
The  spinal  cord  cells  are  thus  surrounded 
by  arbori fc^itioti^  ( sy i lapses )  d e ri v ed  i» »t 
ouly  from  the  .sensory  nerves  (S),  hut  by 
fibres  from  the  upper  part  of  the  uervoito 
in.  We  now  see  how  it  is  possible 
that  reflex  actions  in  the  QQfd  may  be 
eout rolled  by  impulses  from  the  braiiL 

The  sheaths  of   the  nerve-fi  b res  are  not 
shown  in  the  diagram. 

The  system  of  relays  is  still  more  com- 
plicated  in  the  case  of  miuxct  impulse*. 
as  we  shall   see    later   on  ;   the  sin 
true    for    the  motor  path    I  iiittrr 

imisele,  accessory  cell-stations  being  situ** 
ted  in  the  sympathetic  ganglia, 

Id    concluding    this  nuty 

return  for  a  moment  to  the  subject 
generation.     If  the  nerve-fibre  is  mil  ofl 
froin   its  connection  with  the  spinal  nerve-cell,  the  peripheral  end 
degenerates  as  far  as  the  mmcAe, 


Fig.  it?).— iriftffnun  of  an 
element  of  the  motor 
path.  U.S.,  upper  «g- 
liu-ol . ;  L.tvt  lower  seg- 
ment ;  CC,  cell  of  eere- 
bttleortex;  sjr.cellof 
npinnl  cordt  in  Anterior 
•■SB  ;  M+  thf<  im uncle ;  K, 
path  from  nenaary  nerve 
roots.     (After  Oowcm/j 
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oee,  now,  tbe  pyramidal  fibre  were  cut  across,  tlie  piece  still 

ched  to  the  brain-cell  would  remain  healthy,  but  tbe  peripheral 

would  degenerate  as  far    as  the  synapse  round   the  spinal 

*    ■,  but  not  beyond.     We  tan  thus  use  the  degeneration 

fcbod  to  trace  out  tracts  of  nerve-fibres  in  the  white  matter  of 

centra]  nervous  system,    The  histological  change  in  the  fibres 

as  that  already  described    in   the    nerves,  except 

that,  as  there   is   no  primitive  sheath,  there  can  be  no  mult  i  pi 

lion  of  its  nuclei  ;   there   is   instead  an  over-growth  of  neuroglia. 

tracts  consequently  stain  differently  from  healthy 

white  matterf  end  can  be  by  this  means  easily  booed 

Another  method  of  research  winch  leads  to  the  same  results  as 
the  ration  method  is  called   the   etnbrjologioal  method. 

Tbe  nerve-fibres  which  grow  from  different  groups  of  nerve  i  ells 
become  fully  developed  at  different  dates,  and  so  by  examining 
brains  and  cords  of  embryos  of  ditto-rent  ages,  one  is  able  to  make 
individual  tracts  before  they  have  blended  in  the  general 
mass  of  white  matter. 

We  shall,  however,  return  to  this  subject  win  n  later  QD  we  are 
studying  the  physiology  of  the  central  nervous  system  in  detail. 

Wc  have  learnt,  for  the  present,  sufficient  of  the  manner  in 
which  the  nervous  system  acts,  to  he  able  to  understand  the  way 
in  which  it  regulate!  the  activities  of  the  macular,  respiratory 
and  other  mechanisms  which  it  is  convenient  to  consider  next. 


CHAPTER    XVIIL 

THE    CIRCULATORY    SYSTEM. 

The  circulatory  system  is  the  collection  of  organs  which  have 
for  their  function,  the  circulation  of  the  blood.  It  consists  of  the 
heart,  the  arteries  or  vessels  that  carry  the  blood  from  the  heart  to 
other  parts  of  the  body,  the  veins  or  vessels  that  carry  the  blood 
back  to  the  heart  again,  and  the  capillaries,  a  network  of  minute 
tubes  which  connect  the  terminations  of  the  smallest  arteries  to 
the  commencements  of  the  smallest  veins.  We  shall  also  have  to 
consider  in  connection  with  the  circulatory  system,  (i)  the 
lymphatics,  which  are  vessels  that  convey  back  the  lymph  (the 
fluid  which  exudes  through  the  thin  walls  of  the  blood -cap  diaries) 
to  the  large  veins  near  to  their  entrance  into  the  heart,  and  (2) 
the  bug*  lymph  spaces  contained  in  the  serous  membranes. 
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The  Heart. 

Thai  central  pump  of  the  circulate  h 

is  contained  m  the  oheal  or  thorax.     It  li» 

and   loft    ItlUgl  (fig,    200),   and  -ed    in    a  :  esW 

tin-  pericardium,      The  pericardium   is   an    instance  of  1 
membrane.     Like  all  serous  membranes  ts  "f  two  Uyen; 

each  consists  «>f  fibrous  tissue  containing  a  burgs  smoui 

fibres;  one  layer  envelopes  the  heart  Slid  forms  it-  <  >uter  coveritt 


Pulmonary 

Alt*- 17, 


l)iu|>hr&gm. 


Fig.  aoo.— Vi«*w  of  be«zt  and  laiuce  in  «tu.  The  front  portion  <«i  the  <he»t-*»ll  mvl  U* 
outer  or  parietal  hiy  en  of  the  pleura  Mid  pertain  hum  bm  >••  Ml  KUOnd.  Th«  lu«H* 
ure  partly  collapwd. 


Of  - ri.-<n-%hnm  ;  tliis  is  the  visceral  layer  nf  the  pericardii*; 
other  layer  of  the  pericardium,  called  its  parietal  layer,  is  situated 
at  some  little  distance  from  the  heart,  being  attached  below  to  the 
diaphragm,  the  partition  between  the  thorax  and  the  a  Monica, 
The  visceral  and  parietal  layers  are  continuous  f<»r  a  short  distance 
along  the  great  vessels  at  the  base  of  the  heart,  and  s<«  form  s  closed 

This  sac  is  lined  by  endothelium  ;   in  health  it  0O1 
eaougb  lymph  t«>  lubricate  the  two  Burraces  and  enable  thett  feo 
glide  over  each   other  smoothly  during  the  movements  of  the 
heart.     The   presence  of   elastic  fibres  in   the  membrane  ei 
the  epicardium  to  follow  without  hindrance  the  changing  shape  of 
the  heart  itself. 
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I  com  parat  i  vely  simple  sen  jus  mem  b  rane ,  beca<  I 
it   encloses   is  a  single  one  of  simple  external  form.    All   serous 
abranes  are  of  similar  structure  ;  tbua  the  pinna  which  enClOMfl 

i'i  the  peritoneum  which  encloaea  the  nhilominal  viscera  tiitTer  from 
i  n  anatomical  arrange  men  t,    The  great  complexity  of  the  peritoneum 
>  it*  enclr>stn^  so  many  organ*.    Btotj  mom  membrane  001 
cral  layer  applied  to  the  nr^an  or  Mi^ana  it  enclose*  ;  and  a  parietal 
jrer  continuous  with  this  in  contiguity  wTiih  the  parietes  or  body-walls. 

The  Chambers  of  the  Heart. — The  interior  of  the  heart  i^ 

ivided   bj  a  longitudinal    partition  in  such  a  manner  as  to  form 

00  chief  chambers  or  cavities— right  and  left.     Each  of  these 

yunben  is  again  subdivided  transversely  into  an  upper  and  ■ 

portion,  called  respectively,  auricle  and  ventricle,  which 

I  lv  OOfnmonicate  one  with  the  Other  ;  the  aperture  of  comnuini- 

however,  is  guarded   by   valves,   so   disposed    as  to  allow 

m*1  to  pass  freely  from  the  auricle  into  the  ventricle,  but  not  in 

l  opposite  direction.     There  are  thus  four  cavities  in  the  heart 

-the  auricle  and  ventricle  of  one  side  being  quite  separate  from 

lose  of  the  other  (tigs.  20  t,  202). 

-The  right  auricle  1-  situated  at  the  righl 
of  tin?  base  of  the  heart  in  front.  It  is  a  thin  walled 
ivity  of  more  or  less  quadrilateral  shape,  prolonged  atone  corner 
<  a  tongue-shaped  portion,  the  right  auricular  appendix)  which 
slightly  overlaps  the  exit  of  the  great  artery,  the  aorta,  from 
the  heart- 

The  interior  is  smooth,  being  lined  with  the  geueral  lining  of 
the  heart,  the  tndocardiuin^  and  into  it  open  the  superior  and 
inferior  vemo  cnva\  or  gnat  veins,  which  convey  the  blood  from 
all  parts  of  the  body  to  the  heart,  The  opening  of  the  infer j Qt 
cava  is  profc m  ted  and  partly  covered  by  a  membrane  called  the 
ofpf,  In  the  posterior  wall  of  the  auricle  is  a  slight 
depression  called  the  fossa  ovaii*,  which  corresponds  to  an  open- 
ing between  the  right  and  left  auricles  which  exists  in  fcotal  life. 
The  coronary  mm,  or  the  dilated  portion  of  the  right  coronary 
vein,  also  opens  into  tins  chamber. 

Il  Ventricle. — The  right  ventricle  occupies  the  chief  part  of 
tin-  anterior  surface  of  the  heart,  as  well  as  a  small  part  of  the 
posterior  surface  ;  it  forms  the  right  margin  of  the  heart.  It 
takes  no  part  in  the  formation  of  the  apex,  On  section  its  cavity, 
in  consequence  of  the  encroachment  Upon  it  of  the  septum  ventri- 
culorum,  ii  semilunar  or  oreaoontic  (fig,  203);  into  it  are  two 

oj>enings?  the  auriculo  ventricular  at  the  base  and  the  opening 
of  the  pulmonary  artery  also  at  the  base,  but  more  to  the  left  ; 
both  on  rices  are  guarded  by  valves,  the  former  called  tricuspi*! 
and  the  latter  semUnnar.       In  this    ventricle  are  also  the  pro- 
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jections  of  the  muscular  tissue  called  column**  came<r  described 
at  length  p.  202). 

Left  A  vriflfa, — The  left  auricle  is  situated  at  the  left  and  posterior 


Fig.  aoi,—  The  right  auricle  and  ventricle  Opened,  imd  a  part  'it  and  anten  e 

walls  removed,  so  u*  to  show  their  int*fri«jr.    $,— (•  sapeiior  vena  bsa  « 
vena  cava  :  zrT  hepatic  vein*  cut  nhort ;  \t  right  auricle  ;  j",  placed  in  the  foas»  ot*^ 
below  which  is  the  Eustu'-bhn  vulve ;  3'  ,  is  placed  close  to  the  aperture  of  the  ommirr 
v-m;  -f  +,  placed  io  the  auricnlo-  groove,  where  a  narrow  portion  of  tfce 

adjacent  walla  of  the  auricle  and  ventricle  ha*  been  preserved  ;  v.  4,  cavity  of  the  riffcl 
I  ncle.  the  upper  figure  M  imtn«f  lintel y  Mow  the  semilunar  valves  ;  V.  large  column* 
cnmem  or  lnusculus  papillaris;  s,   .  .  (rid  valve;  6,  placed  in  the  intern*  of 

the  pulmonary  artery,  a  part  of  the  anterior  wall  of  that  vowel  having  been  removed, 
and  a  narrow  portion  of  it  preserved  at  it*  commencement,  where  the  semilunar  t*1*» 
ore  attached  ;  7.  concavity  of  the  aortic  arch  close  to  the  cord  of  the  ductus  arteriosai; 
M,  ascending  part  or  ninus  of  the  urcb  covered  at  its  cominen cement  by  the  auEieastf 
appendix  and  pulmonary  artery ;  9,  i<la  th*  innominate  and  left  carutai 

arteries ;  10,  appendix  of  ih*-  left  auricle ;  11.11.  the  outside  of  the  left  r 
low  or  figure  near  th  e  apex  *     (Allen  Thomson  .J 


part  of  the  base  of  the  heart,  and  is  best  seen  from  behind  li  b 
quadrilateral,  and  receives  on  either  side  two  pulmonary  rein 
The  auricular  appendix  is  the  only  part  of  the  auricle  seen  from 
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front,  and  tocnqpoudi  with  that  on  the  right  side,  but  is 

thicker,  and   the   interior   is   smoother.     The  left  auricle  is  only 

-'Iitly   thicker   than   the  right     The    left   luiriculo- ventricular 


.  soa.—  The  l«-ft  Hiiriolr  and  ventri«l<-  opmsS  and  a  part  of  their  anterior  and  left  walls 
removed.  \.—  The  pulmonary  artery  has  been  divided  at  it*  commencement  ;  the 
opening  into  the  left  ventricle  is  carried  a  short  distance  into  the  aorta  between  two 
of  the  segment*  of  the  RemHunar  valves ;  and  the  left  part  of  the  auricle  n 
appendix  has  been  removal.  Th*>  right  auricle  is  oat  of  view,  i,  the  two  riphi  pul- 
monary veins  cut  short;  their  openings  an*  seen  within  the  auricle;  i't  placed  within 
the  cavity  of  the  auricle  on  the  left  side  of  the  septum  and  on  the  part  which  fcirms  the 
remain*  of  the  valve  of  the  foramen  ovale,  of  which  the  erevcentic  fold  is  seen  toward* 

ft  hand  of  t ;  ?,  a  narrow  portion  of  the  wall  of  the  auricle  and  vent  ricle  preserved 
round  the  aun<  ulo-v«  utricular  orifice;  3,  j',the  cut  surface of  the  walk  of  the  ventricle, 
seen  to  become  very  much  thinner  toward*  j*%  at  the  apex;  f,  a  small  part  of  Ui< 
anterior  wall  of  the  1>  ft  \  %  -nti  iele  which  lia«  been  preserved  with  the  principal  ant-  doc 
columns  carnea  or  mu»eulus  papillaris  attached  to  it ;  s,  5,  niuwuli  papillarcs  ; 
left  side  of  the  septum,  between  the  two  ventricles,  within  the  cavity  of  the  left 
ventricle;  6.  t' ,  tin:-  mitral  valve;  7,  placed  in  the  interior  of  the  aorta,  near  its  com- 
and  above  the  three  segments  of  it*  semilunar  valve  which  are  hanging 

r  together;  7  .  the  exterior  of  (he  great  aortic  sinus;  8,  the  root  of  the  pulmonary 
and  fts  semilunar  valves;  «',  the  separated  portion  of  the  pulmonary  artery 

fiing  attached  to  the  aorta  by  t*,  the  cord  of   the  ductus  arteriosus;    10.  the 
arterie*  rising  from  the  summit  of  the  aortic  arch .    ( Allen  Thomson.) 
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u  oral  aud  *  little  sntjfc-r  than  that  on 
it  a  deprtfltioo  on  the  septum  between  the  auricles,  i 
a  Ttlijpc  of  the  foraioeD  between  them,  that  exist*  m  fcer 

JU/f  Yemtrid*. — Though  taking  part  to  a  com  para  ti rely  iTigta 
extent  in  the  anterior  surface,  the  left  ventricle  occuf 
chief  part  of  the  posterior  surface.  In  it  are  two  openings  ?m 
dose  together,  riz.  the  auriculo-ventricular  and  the  aortic,  guarded 
by  the  TaJre*  correspoodmg  to  those  of  the  right  side  of  the*  heart, 
fix*  the  bicuMpid  or  mitral  and  the  temUunnr.  The  fast  opening 
is  at  the  left  and  hack  part  of  the  base  of  the  ventricle,  sad  fcsi 
sortie  in  front  and  towards  the  right.  In  this  ventricle,  as  in  tit 
right,  are  the  columns*  earnea\  which  are  smaller  but  more 
closely  reticulated.     They  are  chiefly  found   near  the  apex  ami 


CSvftf  of  Tight  telitriel*. 


Cmvitf  of  Urft  itatriek 
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•ection  of  buUockTi  heart  in  *  date  of  cadaveric  rigidity.    (Bafta 


along  the  posterior  wall.  They  will  be  again  referred  to  with  Un 
description  of  the  valves.  The  walls  of  the  left  ventricle,  which 
are  nearly  half  an  inch  in  thickness,  are,  with  the  exception  of  lk< 
Spex,  ah> mt  three  times  as  thick  as  those  of  the  rijirht. 

Capacity  of  the  Chambers. — During  life  each  ventricle  i* 
capable  of  containing  about  three  ounces  of  blood.  The  capacity 
of  the  auricles  after  death  is  rather  less  than  that  of  the 
rentricles:  the  thickness  of  their  walls  is  considerably 
II m  latter  condition  is  adapted  to  the  small  amount  of  f< 
which  the  auricles  require  in  order  to  empty  themselves  into 
their  adjoining  ventricles  ;  the  former  to  the  circumstance  of 
the  ventricles  being  partly  tilled  with  blood  before  the  auricle* 
r.  .n tract. 

Siso  and  Weight  of  the  Heart. — The  heart  is  about  5  inches 
long  (about  12'0  nn.),  3J  inches  (8  cm.)  greatest  width,  and  l] 
inches  (6*3  cm.)  in  its  extreme  thickness.  Theaveruu 
(hi  heart  in  the  adult  is  from  9  to  10  ounces  (about  300  jrrms.), 
its  weight  gradually  increases  throughout  life  tilt  middle  age; 
it  dlmurishts  In  old  age. 
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Structure. — The  walls  of    the  heart  are  constructed  slmovl 

era  of  muscular  fibres  ;  but  a  ring  of  connective 

sue,   to  which    some  of    the  muscular  fibres    are  attached,   is 

between    r.ieh    auricle    and     ventricle,   and     Formfl    the 

undary  of  the  mn'iutilo  winlrieWar  opening.      Fi brous  r ism  w  1 1  - 

lists  at  the  origins  of  the  pulmonary  artery  and  aortal. 

The  muscular  fibres  of  each  auricle  are  in  part  continuous  with 
ttOse  of  the  other,  and   partly  separate;   and    the  same  remark 
aids  true  for  the  ventricles. 
The  minute  structure  of  the  striated   muscular  fibres  of   the 
heart  has  been  already  described  ([>.  94). 

Endocardium. — As  the  heart  is  clothed  on  the  outside  bv  the 


.  *o|.— Network  of  muscular  fibre*  from  the  he»rt  of  n  pis'.   The  nuclei  <uv  well  i*how  r> , 
x  450.    (TQeiu  and  Noble  Smith.) 


iiuni,  so   its  cavities  are  lined    by   a   smooth   and   shining 
lembranc,  or  mdacordmm,  which  is  directly  continuous  with  the 
iternal   lining  of  the  arteries  and   veins.      The    endocardium   is 
.■posed  of  connective   tissue  with    a   lar^e   admixture  of  clastic 
fibres;   its  inner  sorta<  >  I    by  endothelium.      Here  and 

there  unsrriped  muscular  fibres  are  sometimes  found  in  the  tj 
of  the  endocardium. 

Valves* — The  arrangement  o|  the  heart's  valves  is  such  that 
the  Uood  can  pass  only  in  QOi  direction  (fig.  205), 

The  tricuspid  valve  (5,  fig,  joi)  present!  fhnt  principal  ensps 
or  suhdiv 'isions,  and  the  mitral  or  U&Upid  falve  ha.s  two  such 
portions  (6,  fig.  202).  But  in  both  valves  there  is  between  each 
two  principal  portions  a  smaller  One ;  so  that  more  properly,  ihe 
tricuspid  may  be  described  as  consisting  of  six,  and  the  mitral  of 
ur,  portions.  Kaeh  [Mirtiou  is  of  triangular  form.  Its  base  is 
continuous  with  the  bases  of  the  neighbouring  portions,  so  as 
to  form  an  annular  membrane  around  the  auriculo- ventricular 
opening,   and   is  fixed   to  a   tendinous  ring  which   encircles  the 


1 


Mm 

202                           THE    CIRCULATORY    SYSTEM,               [oh.  xv: 

orifice  between  the  auricle  and  ventricle  and  receives  the  inser- 
tions of  the  muscular  fibres  of  both.      In  each  principal  cusp  mar 
be  distinguished  a  central  part,  extending  from  base  to  apex,  and 
including  about  half  its  width.      It  is  thicker  and   much  toucher 
than  the  border  pieces  or  edges. 

While  the  bases  of  the  cusps  of  the  valves  are  fixed  to  the  ten- 
dinous rings,  their  ventricular  surface  and  borders  are  fastened  l\ 
slender  tendinous  fibres,  the  dfcoftfo  tentlinei^  to  the  internal  surface 

ttir.  i 

of  the  walls 
into  the  ven 
the  columns 
some  arc  alt 
their  extrert 
and  a  third 
given,  are  a 
only,  the  ot 
ventricle  (5, 
Of  the  tend 
of  the  vcnti 
Valves,  then 
same  parts  t 

Ifem.) 

rhich  project 

r  col  unma- 
ke, for  while 
side,  and  by 
extremities; 
rs  has  been 
ae  exi 

ivitv    of    III'' 

Las  tendinea?. 
1111  the  walls 
rgius  of  ||m 
ass  from  the 
rtioiis  of  the 

t&S  rili 

05 . — DUfTBin  of  Ub e  circulation  through  the  heart .    { Da 

of  the  ventricles,  the  muscular  fibres  of  * 
tricular  cavity  in  the  form  of  bundles  01 
carneee.     These  columns  are  not  all  all 
ached  along  their  whole  length  on  one 

litii.-s,  ui  Im  1  -     nv   .ir-.M-li^]    only  by  their 
set,  to  which   the  name   taitsntti  papifiai 
ttaehed  to  the  wall  of  the  ventricle  by  01 
her  projecting,   papilla-like,   into   the  c« 
fig.  20  2)t  and  having  attached  to  it  chore 
inous  cords,  besides  those  which  pass  frc 
fcote  and  the  musculi  papillaris  to  the  mi 
1  are  some  of  especial  strength,  which  p 
0  the  edges  of  the  middle  and  thicker  jjo 

cu.  xvin.] 
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cusps  before  referred  to.  The  ends  of  these  cordB  are  spread  out 
the  substance  of  the  valve,  giving  its  middle  piece  its  peculiar 
ii  and  toughness;  and  from  the  sides  numerous  other  more 
ender  aud  branching  cords  are  given  off,  which  are  attached  ill 
ver  the  ventricular  surface  of  the  adjacent  border-pieces  of  the 
incipal  portions  of  the  valves,  as  well  as  to  those  smaller 
tions  which  have  been  mentioned  as  lying  one  between  each  6wC 
rind  pal  ones.  Moreover,  the  musculi  papillares  are  so  placed 
it>  from  the  summit  of  each,  tendinous  cords  proceed  to  the 
djaeent  halves  of  two  of  the  principal  divisions,  and  to  one  inter- 
mediate or  smaller  division,  of  the  valve. 

The    preceding  description  applies  equally  to  the  mitral   ami 
tricuspid  valve  ;  but  it  should  be  added   that  the  mitral   is   con 
eiderably  thicker  and  Stronger  than  the  tricuspid,  in  aoootdaoee 
with  the  greater  force  which  it  is  celled  upon  to  resist 

The  aemUitift  siard  the  orifices  of  the  pulmonary  artery 

of   the  aorta.      They  are  nearly  alike  011   both   sides  of  the 

m  ;    but  the  sortie  valves   arc   altogether  thicker  and  more 

■  instructed    than    the   pulmonary  valves,  in  accordant; B 

r  pressure  which   they  have   to  withstand.      Each 

alv<    oooaiafee  of  three  parte  which  are  of  send  tun  ai  the 

1  \  matgin  of  each  being  attached  to  a  fibYOUfl  ring  at   the 

place  of  junctioTi  of   the   artery  to  the  ventricle,  and    the  GOQCSTO 

or  nearly  straight  bender  being  free,  ho  as  to  form  a  little  pouch 

like  a  wateh-pocket  (7,  fig,  202).      Iti  the  centre  of  the  free  edge 

of  the   pouch,   which  contains  a  fine  cord  of  fibrous  tissue,  is  a 

small  nbroue  nodule,  the  eotpui  Arnntii,  and  from   tins  and  from 

the  attached  border  line  fibres  extend  into  every  part  of  the  mid 

the  valve,  except  a  small  lunated  space  just  within 

the  free  edge,  on  each  side  of  the  corpus  Arantii.      Here  the  valve 

is  thinnest,  and  composed   of  little   mora  than   the  endocardium. 

ThiiB  constructed  and  attached,  the  three  semilunar  pouches  are 

placed  side  by  -vie  around  the  arterial  orifice  of  each  ventricle; 

are  separated  by  the  blood  passing  out  of  the  ventricle,  but 

immediately  afterwards  are  pressed  together  so  as  to  prevent  any 

mi    (6j    flg«    201,    ami     7,    tig.    202).      Opposite    each   of   the 

ilunar  cusps,  both    in    the  aorta  and  pulmonary  artery,  there 

is  a   bulging  outwards  of  the  wall  of  the  vessel  :  these  bulgings 

are  called  the  sinuses  of  Vataatpa. 

Stmrttire, — The  valves  of  the  heart  are  formed  of  a  layer  of 
closely  woven   connective  and   elastic  tissue,  over  which,  00  every 
endocardium  is  reflected. 
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Course  of  the  Circulation* 


The  blood  is  conveyed  away  from  the  left  rentricle  (as 
diagram,  rig.  206)  by  the  aorta  to  the  arteries,  and  returned  to 
tin*   right  auricle  by  the  veins,  the  arteries  and  \ 
tiDOOUS  with  each  other  at  the  far  end  by  means  of  the 

From  the  right  auricle  the  blood  passes  to  I 


r  cava  or 
rein  from  head 
and  upck. 


Burnt  ventricle.    «J 


s\«tntuj> 

impUlatie*. 


Vig*  so64— Diagram  of  the  emu 


L 


then  by  the  pulmonary  artery,  which  divides  into  two,  ei 
each  lung,  then   through   the  pulmonary  capillaries,  and  tl 
the  pulmonary  veins    (two  from  each   lung)   to   the   left  W 
From  here  it  passes  into  the  left  ventricle,  whieh  brings  Ofl  back 
to  where  we  started  from. 

The  complete  circulation  is  thus  made  up  <>f  two  circuits,  Ihi 
one,  a  shorter  circuit  from  the  right  side  of  the  heart  to  tbt 
lungs  and  back  again  to  the  left  side  of  the  heart  ;  the  otiw 
larger  circuit,  from  the  left  side  of  the  heart  to  all  parts  of  thr 
body  and  hack  again  to  the  right  side.  The  oirculatio 
the  lungs  and  through  the  system  generally  are  respective]? 
named  the  Pulmonary  and    Systemic,  or    trssrr   and 
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circulations.  It  will  be  noticed  also  in  tin?  same  figure  that  a 
portion  of  the  stream  of  blond  having  been  diverted  mice  into 
tin?  capillaries  of  the  intestinal  canal,  mid  some  other  organs,  and 
gathered  up  again  into  n  single  Stream,  is  a  second  time  divided 
in    i  ige   though    the    liver,    before    it   finally    reaches  the 

heart  and  complete*  a  evolution.  This  subordinate  stream 
through  the  liver  is  called  the  Portal  circulation.  A  sunewhat 
similar  accomory  circulation  is  that  through  the  kidneys,  called 
the  Renal  circulation.  The  difference  of  colours  in  tig*  206 
indicates  roughly  die  difference  between  a/rtonal  and  wmom  blood. 
The  blood  is  oxygenated  in  the  lungs,  and  the  formation  of 
oxvha  mrvjobm  gives  to  the  blood  a  bright 
red  colour.  This  oxygenated  OX  arterial 
blood  (contained  in  the  pnlmotiary  veins,  the 
left  side  of  the  heart,  and  systemic  arteries 
in  part  reduced  in  the  tissues,  and  thedeoxy- 
genal  tglnbin  is  darker  ID  tint  than  tin' 

oxyhemoglobin  ;  this  venous  blood  passes  by 
the  systemic  veins  to  the  right  side  of  t  he  hear  l 
and  pulinO&ary  artery  to  the  lungs,  where  it 
once  more  receives  a  fresh  supply  of  oxygen. 

Bw— It  should  1  however,  be  noted  Lhaf  t  h«-  Langs, 
like  ibe  mm  of  tin.'  body,  ,,!•  &I10  supplied  with 
arterial  blood,  which  re&chei  II  ^j  the  im'wlitnl 


The  Arteries. 


Fig-.  ?t>7-—  Minute  artery 
vbfftd  in  longitudinal 
w'cliua.  r.  Nucleated 
!  tni'mbtunCp 
with  liiiut  nu'lei  In 
hmo,  tooksd  ifl  tons 
nbove,  i.  Elastic  mem- 
brane, w.  Muscular 
coat  or  tunica  media. 
n.  Tunica  advetttitm. 
j  KN  in  and  Wobk 
Smith.)     f   250. 


Distribution, — The  arterial  system  begins 

at   the   left  ventricle  in  a  single  large  trunk, 

the  aorta,  which  almost  immediately  after  its 

origin    gives   oft*   in   the   thorax   three    Luge 

branches   for  the  supply  of  the   head,  neck, 

and  upper  extremities  ;   it  then  traverses  the 

thorax  and  abdomen,  giving  oft"  branches, 
tome  large  rod  some  small,  for  the  supply  of 
I  be  various  organs  and  tissues  it  passe*  on  its  way  J 11  the  abdomen 
it  divides  into  two  chief  branches,  for  the  supply  of  the  lower  ex- 
tremities. The  arterial  branches  wherever  given  on  divide  and  sub- 
■livide,  until  the  calibre  of  each  subdivision  becomes  very  minute, 

rod  these  minute  vessels  lead  into  capillaries.      Arteries  are, 
r-ule,  placed  in  situations  protected  from  pressure  and  other  dangers, 
fc*nd   are,    with   few   exceptions,  straight  in   their  course,  and  fre- 

|uentlv  communicate  (anastomose  or  inosculate)  with  other  arteries, 
Tthe   branches    are    usually   given   off  at  an  acute  angle,  and  the 


f\ 


tuuita  : 
tunirm  trlantim  externa,  ihviilimr  the  I 
(Klein  tod  Nobl*-  fc  550. 

origin  is  increased,  the  area  of  the  oombtned  branches  is  increaseii 
also.  After  death,  arteries  are  usually  fouud  dilated  (not  col- 
lapsed as  the  veins  are)  aud  empty, 
and  it  was  to  this  fact  that  tbflif 
name  (aprrfpi'a,  the  windpipe)  Wis 
given  them,  as  the  ancn 
lieved  that  they  conveyed  air  to  the 
various  jmrts  of  the  body.  As  regards 
the  arterial  system  of  the  lungs,  the 
pulmonary  artery  is  distributed  much 
as  the  arteries  belong  n^  to  the 
general  syttemio  circulation. 

Structure, — The  walls  of  the  arte- 
ries are  composed  of  three  euau, 
termed  (a)  the  external  or  tunica 
adventitial  (t)  the  middle  or  ba 
media,  and  (c)  the  internal  or  tunica 
hit  it* 

(a)   The   <>tertml  coat    or  tm 
advmtitia  (figs.  207  and  20S.  n 
itroogeet  and  toughest  part  1 
wall  of  the  artery,  is  formed  of  areolar  tissue,  with  which  is  mil 


Ff|    >.iq.  -Muwoul&r  tibrt^-cdla    from 
human    arterie*,    mnjmifl^I    MO 
diaweUm.    (K»llik*r.)     *.    N»- 
rlpiii.      b.    A    fibre-  cut  I 
with  acetic  add. 
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throughout  a  network  of  elastic  fibres.      Ai  tbfl  inner  part  of  this* 
Liter  coat  the  clastic  network  forms,  in  some  arteries,  so  distiii.  \ 
layer   as    to    be    sometimes    called    thf  >/    eltutic    coat 

(fig.  208,  e). 

(6)  The  middtt  emit  (h>.  208,  m)  is  composed  of  both  muscular 

elastic  fibres,  with  a  certain  proportion  of  areolar  tissue.      In 

larger  arteries  (fig.  jro)  its  thickness  is  comparatively  as  well 

absolutely  much  greater  than  in  the  small  ones  ;  it  eonstituh fl 


Kri'lrrthrlilim. 

Bub-efultHhclial  layer. 
ELaatic  intima. 
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Middle  coat. 


Fig.  *io. — Tnoiwnw  Mellon  of  aorta  through  lutein  il  aud  about  half  the  middle  coat, 

the  greater  part  of  the  arterial  wall.  The  muscular  fibres  are 
uustriped  (fig.  209),  ami  are  arranged  for  the  most  part  trans- 
versely to  the  long  axis  of  the  artery  ;  while  the  elastic  element, 
taking  also  |  transverse  direction,  is  disposed  in  the  form  of 
closely  interwoven  and  branching  hi. res,  which  intersect  in  all 
porta  the  layers  of  muscular  fibre,  hi  arlerics  of  various  sizes 
s  a  difference  in  the  proportion  of  the  muscular  and  elastic 
♦dement,  clastic  tissue  preponderating  in  the  lurjjfest  arteries,  and 
unstriped  muscle  in  those  of  medium  nnd  small  size. 

(e)   The   Utfemcd  toed  is  formed    by  a  layer  of  elastic   tissue, 


rax  ci i 


called  the  fmeatrmif*  w#ml*m*  of  iltnl*.  Its  i 
lined  with  a  delicate  layer  of  elongated  endor 
2o&,  e\  which  make  it  smooth,  so  that  the  Wood 
the  smallest  possible  amount  of  reate  an  friction 

tnmeefateJi       term    to  the  endothelial  lining  of  tta  Mtaj 

is    huv  tissue 

bou  l^'w 

die    internal    coat    001 
of  three  parts,  (a)  an 

Tl,rli.*l  lining 

QtheliaJ    layer,  an 
elast 

Vrtitontui.  —  The 
walls  of  the   arteries  mb, 
like     other     parta     of    the 
body,  supplied   with 
arteries,    ending    in    capil- 
laries   :md     veins, 
branching  throughout  tha 
externa]   coat,   extend  tar 
noa     into     the 
middle,    but    do    not  reach 
the   internal    coat. 
initi  nre  call*! 


Fig.  ii  l. — Runiificatnm  of  nerves  and  termiTJHtion 
in  tha  niiiwuUr  coal  of  *  small  artery  <»r  the 
frog.      Arnold. 


Jfrrwet, — Moat  of   the  arteries  are  surrounded  by  n    plea 
sympathetic  nerves,  which  twine  around  the   feme! 
like    ivy    round    a    tree :  and    ganglia   nre  found    at    frequent  in- 
They   terminate   in  a  plexus  between    the    museokf 
fibres  (tig.  211 '). 

The  Veins. 

Distribution. — The  venous  system  begins  in  small  v< 
■lightly  larger  than  the  capillaries  from  which  rj 
These  vessels  are  gathered  up  into  larger  and  larger  trunks  until 
they  terminate  (as  regards   the  systemic  circulation)  in   tin-  t\u> 
veiite  cava;  and  the  coronary  veins,  which  enter  the  right  awfde, 
and  (as  regards  the    pulmonary  circulation)  in  four  puis 
vt  ins,  which  cuter  the  left   auricle.      The  total   capacity  of    the 
veins  diminishes  as  they  approach  the   heart  ;  but,   m 
their  capacity   is   two   or   three   times    that   of   their   correspond* 
ing  arteries.     The   pulmonary  veins,  however,  are  an   exception 
to  this  nde,  as  they  do  not  exceed  in  capacity   the  pulmonary 
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arteries.     The  veins  are  found  alter  death  more  or  less  collapsed, 
owing  to  their  want  of  elasticity.     Th.  HttQj  distributed 

in  a  superficial  and  a  deep  set  which  communicate  frequently  in 
their  com 

Structure. — In  structure  the  coats  of  veins  boar  ■  general  re- 
ImiWllWil  t«.  thou  ol  arti  ries  (fig.  2  1  2).  Thus,  they  possess  outer, 
middle,  and  internal  coats. 

(a  i  The  QMtor  coat  is  oon-  *4*^%»* 

at rue ted  of  areolar  tissue  like 
that  of  the  art  cries,  hut  it  is 
thicker.  In  some  veins  it  con- 
tains muscular  fibres,  which 
are  arranged  longitudinally. 
Th e  m ithllt  coat  is  con- 
sidcrahly  thinner  than  that 
bfl  arteries ;  it  OOOtftUUa 
circular  un striped  muft 

I,  mingled  with  a  few 
ad  ■  largo  pro- 
portion of  white  fihrons  tissue. 
In  the  huge  veins,  near  the 
heart,  namely,  the  pojm 
and  pulmonary  veins,  the 
middle  coat  is  replaced,  for 

frOfif)  the  heart, 
rcularlj  arranged  striped 
Hilar  Bbr  inuous 

with    those    of   the   aurit'les. 
The  veins  *4    hones,  and   of 

entral    nervous   W\ 
and  its  meinhnuu  *    have    no 
muscular  tissue. 

frmd    coat   of 

v  thill  feiiestni 

bfane,  which  tnaj  be 
1  mailer  m  ids, 
The  endothelium  is  made  up 
of    cells    elongated     in     the 
direction  of  I  fa  1,  but 

wider  than  m  the  arteries. 

Valves.  — The  chief    in- 
fluence which  the  veins  have  in  the  circulation,  is  eflceted  with  the 
help  of  the  valves,  contained  in  all  veins  subject  to  local  pflOttnitt 
from  the  muscles  between  or  near  which  they  run.     The  general 


Fig-.  212.— Transverse  section  through  n  ymull 
artery  and  vein  id  the  muwiu  membrane 
of  a  child's  epiglottu:  the  artery  ii  thl  k- 
walled  and  the  vein  thin- walled,  a.  A 
the  letter  in  placed  111  the  In  mm  of  ml 
f.  Endor I ittitil  rt^lla with  mMJWolttHiy 


visible;  theae  cells  appear  very  tin  1  k  from  the 
contracted  -  1  Mtl.     ( tutatda  it 

a  double  wavy  Line  marki  the  elastic  layer 
of  the  tunica  intinin.  la.  Tunica  media, 
>my:<:if  uoMtriped  muscular  fibre*  cir- 
cularly arraneed;  their  anold  mb  well  Hcen. 
•*  Part  of  the  tunica,  adventitia  showing 
bundles  of  counci'tiv.  -'.-■  nu  fibre  is  • 
with  the  cir  i   the  OOBOSQtfrre- 

tiaatie  cornuttclea.  Thin  coat  gradually 
merges  into  the  Mirruunding  connect  ivc- 
tiasne,  v.  In  tbttattMQCrf  the  vein.  The 
other  letters  indicate  the  mme  ah  in  the 
artery.  The  muscular  coal  of  the  vein  (w) 
iaaeen  to  be  ninth  thinner  limn  th«t 
arten *.     x  350.    (Klvin  and  Nuble  Smith.) 
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count  met  ion  of  these  V&lTOfl    ifl   similar  tu   that   of  the  semilunar 

valves  of  the  aorta  and  ptiliunuary  artery,  air 

their  free  margins  are  turned  in  the  opposite  direction,  Ce.,  I 


.■in Knowing  valvoi of  ve£n«.    a.  la  l  n-1  rata 

iritli  [oouyitudln*J  notional  ft  vain,  *-!■•»«  mir  theai. 

the  edge*  of  ttn  valval  in  their  cloned  —in,  «sbil»uit 

a  mr<4H?i£  in  tht?  mtoatioa  of  a  pair  of  ni«M 

the  heart,  so  as  to  prevent  any  movement  of  blood  backward.  They 
are  commonly  placed  in  pairs,  at  various  distances  in  difiereui 
veins,  but  almost  uniformly  in  each  (fi^,  2  i  3)1    hi  the  small 


Fis  ai«|.— a,  vein  with  valve*  open,     it,  with  valve*  clmed  ;  *trm.m  of  blood  pawing  of  Vr 
lateral  channel.    (Dalt.ni  ) 

single  valves  are  often  met  with ;  and  three  or  four  are 
times  p-l&eed    together,  or  near  one  another,  in   the  largest  veitw, 
such    as    the    subclavian,   at    their    junction    with    the    jugular 


K 


in  , 
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veins,    The  iSunarj  the  onattaohed  edge  i*  in  boom 

examples  eoraavet  dei  others  straight  They  are  oompoaed  of 
an  outgrowth  of  tin*  rabeadothelial  porarad  irilh  endothe- 

lium. Their  situation  in  the  ruperficia]  veins  of  the  fore&nn  h 
readily  discovered  by  prating  along  their  surface,  in  the  direction 
opposite  to  the  ramus  current,  k&,  from  the  elbow  towards  the 
wrist  ;  when  little  swellltigl  (fig.   3  13,  c)  appear  to  the  position  of 


iitery  from  I 
nnphfttk  vcmrbI.     a,  <li 

f,  lvmnt 

Klein  .in- J  >'obl< 


df  *  fn*r.  f»n»h«fttited 

with  its  <n>iiLir  iiiuh* 
feingB,  with  iFi  nuli'-.i- 

,    Hi  Will 


fMiir  of  valves.      These  swellings  at  once  disappear  when  the 
moved. 
ree  are   not  equally  numerous   in  all   veins,  and   in    many 
re  absent  altogether.    They  are  most  numerous  in  the  veins 
the   extremities,  and  more  BO  in  those  of  the  (eg  than  the  arm. 
bey  are  eomtoonlj  aimeni  in   veins  of  less  than  ■  line  in  dia- 
rm  hi,   ami.   as  a  general   rule,    there  are  few  or  none   in   those 
which  are  not  subject  to  muscular  pressure.     Anmn^  those  veins 
which  have   BO  valves  may  be  mentioned   the  superior  and  infe- 
rior vena  cava,  the  pulmonary  veins,  the  veins  in  the  interior  of 

t  i 
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the  cranium  and  vertebral  D.lumu,  the  reins  of  bone,  and  the 
umbilical  v.jiL  The  valves  of  the  portal  tn  bo  Lane*  are  iwt 
inn  Aoantk 

Eympk&i  Arteries    and   Vein*. — Lymphatic    spaces  ait 

pmenl  in  the  coats  of  both  arteries  and  veins.      In  the  externa) 
coat  of  large  vessels  they  form  a  plexus  of  more  or  less  tubular 
It,      In  smaller  vessels  they  appear  as  spaces  lined  by  ewi> 
thelium.    Sometimes,  as  in  the  arterk  men  turn,  mesentery, 

and   membranes   of    the    brain,   in   the   pulmonary,   hepatic,  *nd 
splenic  arteries,  the  spaces  are  oontinnOQa  with  vessels  win i 
tinctly  ensheath  thera — per  vtie*  (fig.  r 

The  Capillaries. 

In  all  vascular  textures  except  some  parts  of  the  corpora  cara- 
nosa  of  the   penis,  of  the  uterine   placenta,    and   of  the  eplsen, 

tlir    t  riinsiuission   of  the   blood  from    the    minute  branches  of  the 


Fig.  216.    Cnjrillnry  bloud-vc*svl-o  foam  tbe  omeatnai  of  rabbit,  allowing  the  nudged 
vudoLh*  Iml  mriubnmt  of  whhih  they  nrv  ooux^Om\L     (Klein  and  Noble  Smith.) 

arterial  to  the  minute  veins  is  effected   through  a   network  of 
oapillai 

Their  walls  are  composed  of  endothelium — a  single  Esi 
elongated  Battened  and  nucleated  cells,  so  joined  and  dovetailed 
together  as  to  form  a  continuous  transparent  membrane  (tig.  216). 
Here  and  there  the  endothelial  cella  do  not  fit  quite  accurately; 
the  space  is  filled  up  with  cement  material  ;  these  spots  are 
called  pseudo-ftomnta* 

The  ditt meter  of  the  capillary   vessels  varies  somewhat  in  toe 
different  tissues  of  the  body,  the  most  common  size  b 
CTVvth  of  an  inch  (t  2  fi).    Among  the  smallest  may  be  uenl 
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of  the  brain,  and  of  tin*  foUklai  ol   thi  mm -  membrane 

the intestines ;  among  the  largest*  those  of  the  skin,  lungs, 

city  those  of  the  medulla  of  bones. 
The  *t:c  of  capillaries  varies  necessarily  in  different  animals  in 

Aatkm  to  the  ftiafrof  their  U 1  corpuscles:  thus,  in  the  Proteus, 

be  capillary  circulation    win  just   be    discerned  with    the    naked 
f% 

Tbmform  of  the  capillary  network  [jivsmts  considerable  variety 
the  different    tissues   of    the   body:    the    varieties    ooosisl 

rim  i] wl!I v    of     modifications   of     tWO    Ohief   kinds     < »F     mesh,    the 


M:&> 


f^v^l 


Ff  £.  *  1  k  tif  caiiilliiry  rea- 

lunir  magnified,    a,  a,  raipttl 
brmn- 1<  -  of   thr-  i>uli. 


Fi*.  »i».— injected  capil- 
■ 
m«n  with  a  low  mi- 
nifying |» 

fSbilfp&f, 


rounded  and  the  el  Thai  kind    in  which   the    meshes   or 

interspaces    have    a    roundish     form     is    I  he    most    common,    and 
lis   in   those  pruts  ia   which    the  capillary  network    is  most 
dens*.  the    lungs   (lig.    -17),    most  glands  and   mucous 

membranes,  rind  the  cutis.      The  DEM wtn M   <>f  this   kind  of   network 
are  not  quite  circular   hut    more   or   less  angular,  sometimes  pre- 
og   a  nearly   regular  quadrangular   or   polygonal   form,   but 
i.eiug    more  frequently   irregular.      The    capillary    network    with 

elongated  ineabee  ia  obierved  in  parti  in  which  the  vessels  are 
arranged  among  bundles  of  fine  tubes  or  fibres,  as  in  muscles  and 
BfL  In  such  parts,  the  meshes  form  purallclognUM  (Hg.  218), 
the  dkori  sides  of  which  may  be  from  three  to  eight  or  ten  times 
leas  than  the  bog  ones;  the  long  sides  are  more  or  less  parallel 
to  the  long  axis  of  the  fibre*. 


~u 
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The  nutnljcr  of  the  CMjiilluries  and  the  HM  q/  */*<?  i»«fal  is 
different  parts  determine  ill  genent  the  degree  of  twtculanty  of 
those  parts.  The  capillary  network  is  closest  in  the  lungs  ind 
in  t lie  choroid  coat  of  the  eye. 

It   may   be   held  as  a  general  rule,  that   the   more  actn 


Lyitinhatuw     of     bead 
and  tii'fk,  right, 

ntenuU  jugular 
v-  in. 
I  tight  flubclarian  vein. 


Lytnphntica    of    rigM 

■I  ut. 


Lyninhatiai    ut'  Lev! 
and  nock,  Irft, 

Thoracic  ilut4. 


~  utxUrtaa  >ra 


Beoeptaculum  ch>  li. 


Lfmphatia   of   lowei 
extivniitit*. 


Fig.  219.— Diagram  of  the  principal  p  iphatio 


\§m  r 


functions  of  an  or^n  are,  the  more  vascular  it  is.      Hen< 
narrowness  of  the  interspaces  in  nil  glandular  organs,  in  mucous 
(nembranea,  and   in  growing  parts,  and  their  much  gr* 
in  hones,  Ligaments,  and  other  bough  and  comparatively  i&atitiw 

tissues. 
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blood  leaves  t he  heart  by  the  arteries  j  it  retarna  to  the 
heart  by  the  reini  j  but  this  last  statement  requires  modification, 

•  ♦f  the  blood  -plasma  escapes  into  the 
cell  spaces  of  the  tissues  and  nourishes  tin-  tissue  rlnnriits. 
This  fluid,  whirli  tympi^in  gathered  tip  and  carried  back 

again  into  the  blood  by  a  system  of  ailed  iyMtpfal 


r.  »x>.-  Bttmrfli  i  -I  h,  i[l  i<i      of  right  irmin  atid  upper  part  uf  lliiwrb.    |.— 
i.  Upper  m.'umiJ  (rUnds.    i»i*.  Lower  or  tflfftdnal  or  famoAl  kIoimLi.     |*T« 
i  hiiiplijitii^  in  tl.  h.  long  KuplunoxiH  vein.     (ME*c&jrni.) 

I  be  principal  vessels  of  the  lymphatic  system  ?nv,  in  structure, 

like  small  thin-walled  veins,  provided  with  numerous  \.il\<  ^,     The 

appearance  of  the    lymphatic  vessels   shown    in   figs.  220 

and    221    is   due  to   the   presence   of    these  valves.      They   OOa) 

menee  in  tine  BticrrjeoapiG  tfmph-eapillarim,  in  the  organs  and 

i  she  body,  and  they  end  in  two  trunks  which  open 
tiiiu  the  latgt  veins  near  the  heart  (fig,  :i<i).  The  fluid  whieh 
rin  v    1  ontaiiij   unlike   the    blood,   passes    only   in    one   direction, 


_ 
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namely,  from   the  fine  branches    to  fhe   trunk,    and    bo  to  d* 

u%  on   entering   which  it  is  mingled   with   the  strain 

forms   part  of    its  constituent*.      In   rig.  219  tb* 

*r  fxfrt  of  the  contents  of  the  lymph. 1  a  "f  vem\& 

will  be  MO  bo  pMH  paralivel  I  nmk  called 

'if/mric  *tnrt,  which  finally  empties  its  contents  ID! 


Fig.  231. -Lymphatic  venae)  *  of  the  bead  and  neck  and  the  upper  part  of  the  tnak 
(Mascagni).  J,— The chest  and  pi  ii  ulium  have  been  opened  on  the  left  side,  &fei 
the  left  iiuiTiiniH  detach*  'Wia  outward?  over  the  left  arm,  so  ma  to  expo*! 

gnat  part  off  its  deep  rarface,  The  principal  lymphatic  venscU  and  glands  are  efcosn 
on  the  side  of  the  ln-ud  and  face,  and  in  the  nock,  axilla,  and  mediastinum.  Betstei 
the  left  inlern&l  jugular  win  and  the  common  carotid artery,  the  apper  Fuwending  put 
of  the  thoracic  duet  marked  i,  and  above  this,  and  descending  to  2.  the  arch  and  m 
part  of  the  duet.  The  termination  of  the  upper  lymphatic*  of  the  diaphragm  in  thr 
mediastinal  glands,  a*  well  oh  the  cardiac  and  the  deep  mammary  lympbatir*.  u  iL« 
shown, 

stream,  at  the  junction  of  the  internal  jugular  and  subclavian 
veins  of  the  left  wide.  There  is  a  smaller  duct  on  the  right  side. 
The  lymphatic  vessels  of  the  intestinal  canal  arc  called  larteaU, 
beOsVQM  during  digestion  the  fluid  contained  in  them  reserahta 
milk  in  appearance  ;  and   the  lymph  in  the  lacteal*  during  the 
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period   of  digestion  is  called  chyle. 
structure,  however,  between  kcteala 
parts  of  its  emirse  the  lymph  -stream 
passes  through  lymphatic  gkmdti  to 
be  described  l.-i  1 1  t  on, 

Oritjtn  qf  Lymph  GapiUoriu* — 
The  lymphatic  capillaries  00ZXUH6Q0C 
most  commonly  either  (a)  m  rlosely- 
meshed  networks,  or  (6)  in  irregular 
lacunar  spaces  between  the  various 
structures  of  which  the  d liferent 
organs  are  composed.  In  serous 
membranes  such  as  the  omentum 
and  mesentery  they  occur  as  a  con- 
nected system  of  very  irregular 
branched  spares  partly  occupied  by 

connective  -  tissue  corpuscles,  and 
in  these  and  other  varieties  of 
connective  tissue,  the  cell  spaces 
liiiuicate  freely  with  regular 
•  baric  vessels.  In  many  <-,•■■ 
though  they  are  formed  mostly  by 
the  chinks  and  crannies  between  the 
blood-vessel-,  secreting  ducts,  and 
other  parts  which  may  happen  to 
form  the  framework  of  the  organ  in 
which  they  exiflt,  1  ln-y  an-  lined  by 
a  distinct  layer  of  endothelium. 

The  lac  tea  Is  oiler  an  illustration 

of  another  mode  of  origin,  namely 

(c)  in  blind  dilated   extremities  in 

the  villi  of  the  small  intestine.   (See 

$8,  p-  29*) 

St  Lymph  Cti/riffaries, — 

The  structure  of  lymphatic  capil- 
laries in ilar  to  that  of  blood - 
capillaries ;  their  walls  consist  of  a 
single  layer  of  elongated  endothelial 
cells    with    sinuous    outline,   which 

here  along  their  edges  to  form  a 

lelicatc     membrane.       They    differ 

from    blood  -  capillaries     mainly   in 

their  larger  and  very  variable  calibre, 

municatious  with  the  spaces  of  the  ly 


There  is  no  distinction  of 
and  lymphatics.      In  some 


Fi|t.  1*^,- S«n»  id.  ml  hini-iliiitica  uf 
the  fujvarm  und  palm  ot  tlie  hiuid, 
(,— ^.Tvonudlriaadi  si  tbf  bead 
of  the  arm.  6.  flndiul  lymphatic 
vessel*.  7.  Ulnar  lyniphatic  vends. 

8,  8\   Palmar  area  of  lymphatic. 

9,  9'.  Outer  and  inner  Beta  of  ves- 
sels, b.  Cephalic  vein.  J.  Radutl 
vein.    f.  Median  vein.    /.    Ulnar 

ili.      lyihl 

seated  as  lying  on  the  deep  fascia. 
(Mascagni.) 

and  in  their  numerous  cein- 
mph -canalicular  system. 
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In  certain  parts  of  the  bodj,  stamntn  exist,  phabc 
capillaries  directly  commanicate  with  parts   formerly  supposed  to 

be  closed  cavities.     They  have  been  found   in   the  pleura,  and  in 

other  serous    membranes ;  a  set  i  lug* 

lymph-sinus  or  widening  out  of  the  lyuiph-capill  u  with 
which  it  directly  communicates, 

A  very  typical  plexus  of  lymphatic  capillaries  is  seen  iu  th« 

central  tendon  of  the  diaphragm.  Fig.  22$  rej  the  appew. 
aoce  presented  after  staining  with  silver  nitr 


Fig.  aaj.—  Lyruphatii*  of  central  t»?jn3tjn  of  rabbi  tV  diuphmam,  stutned  with  cflver  nitnti 
The  shuied  background  U  eotnpo«?d  of  bundk-w  of  white  fibre*,  bfltwwu  which  tU 
lymph  nti<i  lie,  f,  Lymphatic*  lined  by  \<mg  narrow  endothelial  cells,  and  thoirtafft 
valve*  lit  frr-.|Hi-ni  iaterrula,    (SehofleJa.j 


CHAPTER    XIX. 

THE    CIRCULATION    OF    THE    BLOOD. 


In  the  preceding  chapter,  we  have  seen  what  the  course  0/  thr 
circulation  is,  and  we  have  devoted  considerable  spice  to  a  study 
of   the    structure  of    the    heart   and   vessels.      We    have   now  to 


:h.  xjx.j 
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approach  the  1 1 i r »re  strictly  pbyriologieal  ride  of  the  subject,  rod 
st H4 1  %-  the  means  by  which  the  blood  is  kept  in  movement,  so  that 
it  may  convey  nutriment  to  nil  parts,  and  remove  from  those  parti 
vaste  products  of  their  activity. 

Previous  to  the  time  of   Harvey,  the  Ugliest  notions  prev 
regarding   the   use  and   movements  of   the   blood.      The  arteries 
were  supposed    by  BOAC   to  contain  air,   by   others  to  contain   a 
more  subtle  ■  ailed  annual  spirits  ;   the anitnal  spirits  1 

■apposed  to  etarl  torn  the  veotrklei  of  the  brain,  and  they  pew 
controlled  by  the  soul  which  was  situated  in  the  pineal  gland. 
Bow  the  atiitnul  spirits  got  into  the  arteries  WBM  10  anatomical 
detail  which  was  bridged  across  by  the  imagination. 

There  was  an  idea  that  the  blood   moved,  but    this  wm  eon 
bidercd   to  be  a  haphazard,  to  and  fro  movLinnit,  and   confined  to 
the   veins.      The   proofs  that  the  movement  is   a    movement  in  a 
circle    were  discovered   by  William   Hai  to  this  eminent 

discoverer  also  belongs  the  credit  of  pointing  ou1  the  methods  by 
ivhn  h  every  phynologioal  problem  must  be  studied.     In  the  first 

place   there   must   be  correct    analogical    knowledge,   ami    in   the 

lecond  there  tnust  be  experiment,  by  which  deductions  Prom 
itructure  can  be  betted  ;  moreover,  this  second  method  is  by  far 
the  more  important  of  the  two,  Harvey*!  proofs  of  the  circulation 
oame  under  Doth  these  heads.  The  structural  or  anatomical  facts 
Upoa  which  he  reli*  the  following: 

1.  The  I  Of  two  distinct  Beta  of  tubes  ifi  connection 
with  the  heart,  namely  the  arteries  and  the  veins, 

2.  The  existence  in  one  of  thesis,  the  veins,  of  valves  which 
would  only  allow  the  passage  of  the  blood  in  one  direction. 

J  lis  experimental  facts  were  the  following  : 

L3.   That    the  blood   spurts   with    great    force    and    in    a    jerky 
mm  r  from  an  artery  opened  during  life,  each  jerk  corresponding 
with  a  beat  of  the  heart. 

4.  That  if  the  large  veins  near  the  heart  are  tied,  the  heart 
becoim  m  pair,  flaccid,  and  bloodless,  and  on  removal  of  the  ligature 

In  blood  again  flow*  into  the  heart, 

5.  If  the  aorta  tl  tied,  the  heart  becomefl  distended  with  blood,, 
ind  cannot  empty  itself  until  the  ligature  is  removed. 

6.  The  preceding  experiment!  were  performed  on  animals,  but 
9f  the  following  experiment  he  showed  that  the  circulation  is  a 
act  in  man  also  ;  if  a  ligature  is  drawn  tightly  round  a  limb,  no 
)lood  can  enter  it,  and  it  becomes  pale  and  cold.  If  the  ligature 
8  somewhat  relaxed  60  that  blood  can  enter  but  cannot  leave  the 
in ib,  it  becomes  swollen.  If  the  ligature  is  removed,  the  limb 
toon  regains  its  normal  appearance. 
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7.  Harvey  also  drew  attention  to  the  fact  that  theft  ■  ^uncial 
constitutional  disturbance  resulting  from  the  introduction  of  a 
poison  at  a  single  point,  and  that  this  can  only  be  explained  bjt 
movement  of  the  circulating  fluid  all  over  the  body. 

Since  Harvey's  time  many  other  proofs  have  accumulated  ;  for 
instance : — 

8.  If  au  artery  is  wounded,  haemorrhage  may  be  stopped  bt 
pressure  applied  between  the  heart  and  the  wound  ;  but  in  the 
ease  of  a  wound  in  a  vein,  the  pressure  must  be  applied  I 

the  seat  of  injury, 

9.  If  a  substance  which,  like  fvrrocyuuide  of  ]»ntassium,  cuibf 
readily  jftfmtfwtj  is  injected  at  a  certain  point  into  a  blood  vesad, 
it  will  after  the  lapse  of  a  short  interval  have  entirely  traversed 
the  circulation  and  be  found  in  the  blood  collected  from  the  same 
point 

10.  Our  increased  knowledge  of  the  structure  of  the  heart  and 
its  valves  has  shown  that  1  ire  is  such  ftfl  to  permit  the 
blood  to  pass  in  one  direction  only, 

11.  Perhaps  the  most  satisfactory  proof  of  the   circular 
one  now  within  the  reach  of  every  student,  tboilgfa  beyond  thatot 
Harvey.      It  consists  in  actually  seeing   the   |  f  the  blood 
from  small  arteries   through  capillaries  into   veins   in   the  trans- 

I    parts  of  animals,  such  as  the  tail  of  a  tail  pole  or  the  web 
of    a   frog's  foot.       Harvey  could   not    follow    this    part 
circulation,  for  he  had   no  lenses  sufficiently  powerful  to  euable 
him  to  see  it.      Harvey's  idea  of  the  circulation  here  was  that  the 
arteries  carried  the  blood  to  the  tissues,  which  he  consider' 
of  the  nature  of  a  sponge,  and  the  veins  collected  the  blood  again, 
muoh  in  I  lie   same  way  as  drainage   pipes  would  collect  the  water 
of  a   swamp.     The  discovery  that  the  ends  of  the  arteries  are 
connected  to  the  commencements  of  veins  by 
small  tubes  we  now  call  capillaries,  was  made  bj   Malpigbi,  in  the 
year  1661.     He  first  observed  them  in  the  tail  of  the  tadpole, 
and  Leeuwenhoek,  seven  years  later,  saw  the  circulation  in  the 
lun^  of  the  frog. 

We  can  now  proceed  to  study  some  of  the  principles  on  which 
the  circulation  depends: — 

The  simplest  possible  way  in  which  we  could  represent  the 
circulatory  system  is  shown  in  frig.  224  A.  Here  there  is  a  closed 
ring  containing  fluid,  and  upon  one  point  of  the  tube  is  so 
enlargement  (H)  which  will  correspond  to  the  heart.  It  h 
obvious  that  if  such  a  ring  made  of  an  ordinary  HigL 
syringe  and  a  tube  were  placed  upon  the  table,  there  would  be  110 
movement  of   the   fluid   in    it;  in  order  to   make  the  fluid  mow 
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i once  of  pressure  between  different  parts  of 
thiid,  and  this  difference  of  prenrare  ii  caused  in  the  fluid  by 

on  it  of  the  heart  milt       If,  for  instance,  one  takes 

syringe  in  one's  hand  sod  eqoeeses  it,  one  imitates  a  eon- 

of  the  heart:  if  tin  svniii:*'  lias  no  valves,  t-lir  thud 
WOllld  pasa  out  of  each  end  of  it  iu  the  direction  of  the  two 
arrow*  place* J  Outside  the  ri mr.  When  the  pressure  on  the 
syringe  ifl  relaxed  (this  would  eofteepood  to  the  interral  between 
the  heart  beats),  the  fluid  would  retnnt  into  the  heart  u^iin  in 
the  direction  of  the  two  snows  pSaoed  inside  the  Hag.  This, 
bow  nld  be  merely  •  to  and  hu  movement,  not  1  cireula- 

124  li  show]  how  this  to  uud  fro  movement  could*  by 


Fig.  as \»—  Simple  ftchetn*  of  the  circutution. 


th»    praenoe  Of  OQfflTWrted  into  a  circulation  ;   when  the 

heart  contracts  the  fluid  emild  pan  only  in  the  direction  of  the 
OOter  arrow;  when  the  heart  relaxes  it  could  puss  only  in  the 
direction  of  the  inner  arrow  ;  the  direction  of  hoth  arrows  is  the 
same,  and  so  if  the  contraction  and  relaxation  of  the  heart  are 
repeated  often  enough  the  fluid  will  mote  round  and  round  within 

the  tubular  ring. 

The  main  factor  ni  the  circulation  ifl  difference  of  pressure. 
Fluid  always  Bowl  in  the  direction  of  pressure;  it  could  no  more 
flow  from  a  place  where  the  pressure  is  low  to  where  it  is  high 
than  it  oould  flow  uphill.  This  difference  of  pressure  is  produced 
in  the  first  instance  by  the  contraction  of  the  heart,  hut  we  shall 
find  in  our  study  of  the  vessels  that  some  of  this  pressure  is 
stored  up  iu  the  elastic  arterial  walls,  and  keeps  up  the  circulation 
during  the  periods  of  rest  of  the  heart. 

Before  passing  OB  to  consider  the  physiology  of  heart  and 
vessels  at  greater  length,  let  us  take  a  few  types  of  thfl  I  ireulatory 
system  from  different  parts  of  the  animal  kingdom. 


riiMMj  mt~  rigfct  ni  Wt  JK 


posterior  which  receives  the  veins  is  called 
this  contracts  and  forces  the  blood  into  id; 
nest  chamber,  called  the  auricle  ;  this  forces  the  blood  into  the 
west  cavity,  that  of  the  ventricle,  and  last  of  all  is  the  aortic  bulb 
bulb,  branches  pass  to  the  gills  where  they  break  up 
ft,   and   the  blood   is  aerated  :  it   then   once  more 
esmelfl  which  unite  to  form  the  dorsal  aorta,  n 
thi  blood  ii  distributed  by  arteries  to  all  parts  of  the  I 
it   .  si  vatemic  capillaries,  then  the  veins  which  eol 

ainu'-  ire  started)  by  a  few  large  trunks. 

Taking  tbt  frog  as  an  instance  of  an  amphihian,  we  find  th? 
kgajl  cnore  complex  still,  and  the  simple  peristaltic  action  of  the 
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heart  muscle  as  we  have  described  it  in  the  hearts  of   worm  and 
fish,    becomes    correspondingly    modified.      These    is   only   one 
itricles  out  there  are  two  auricles,  right  aod  left. 

Tbi   ?entriele   l tains    mixed    blood,  since    il    re*  Merial 

blood  from  tin-  left  auricle  (Which  is  the  smaller  of  the  two),  ami 
d  from  the  right  auricle  :  the  right  auricle  receives  the 
Ten  i    from  the  sinus,  which  in   turn    receives   it  from  the 

systemic  reins.  The  left  auricle,  as  in  Bum,  receives  the  blood 
from  t  be  pulmonary  veins. 

When  the  ventricle  contract*,  it  forces  the  bleed  onward  into 


— 16, — TTw  heart  of  a  frofj  rR&tm  e«cii]**tiLn,i-  from  (fat  \w\c>  1*9.,  dmSVBMMi  opened  ; 

,  ii(jrht  vena  wivnnu  potior  ;  tf.i.,  rail  cb*i  irit» « i"i  ; 
r.p.,  vena  pulmonale  ;  mrfctfe ;    H.».t  Opaningof  com- 

muni*  1!  q  the  right  huh.  I.  ami  thr  niima  venewnja.     X  2J— j.     ^Eukcr.) 


IS   BOClio  bulb  which   divides  into  branches  OH   each  side   for  the 
supply  of  t he  load  (Hi:.  225,   1 ),  lungs  and  skin  (fig,   225,  3),  and 

the  third  branch  (fig.  225,  2)  unites  with  its  fellow  of  the  opposite 

to   form    the  dorsaJ   amta    for  the  supply  of  the  ivst  of  the 

bodj , 

ing    from    the    amphibians    to    the    reptiles,    we   find    the 

division  of  the  ventricle  into  two  beginning,  but  it  is  not  complete 

till  we  reach  the  birds.     The  heart  reaches  its  fullest  development 

in    mammal*,   and    we  have  already   described    the   human  aa  an 

the    mammalian    heart,       The    sinus  venosus  is  not 

distinct    el  no  niter  in   the   mammalian    lea  it,  but  is 

represented   hv   that  portion   of    t lie   right   auricle  at    which   the 

reins  enter, 
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CHAPTER  XX 

PHYSIOLOGY    OF    THE    IIKUM. 

The    Cardiac  Cycle. 

The  series  of  changes  that  occur  in  the  heart  constitu: 
cardiac  cycle*     This  must  be  distinguished  from  the  course  of  the 
circulation.      The  term  cycle  indicates  that  if  en  -vei  the 

heart  at  any  particular  moment,  the  heart  from    that 
onwards  undergoes  certain   changes   until  it  once   more   u 
the  same  condition   that  it  had  at  the  moment  when    the  I 
tion  commenced,  when  the  cycle  is  again  repcaud. 
This    series   of   changes    consists   of   alternate    contraction   mi 
relaxation.      Contraction    is  known  as  ey stole,  and   r< 
diastole. 

The  contraction  of  the  two  auricles  takes  place  simultaneously, 
and    constitutes  the    utinruiar  iystok        tins   is  followed   by  tin 
simultaneous  contraction  of  the  two  ventricles,  vmtricy 
and  that  by  a  period  during  which  the  whole  of  the    i 
a  state  QJ  duutoti  :    then   the  cycle   again   commences   with  the- 
auricular  systole. 

Taking  72  as  the  average  number  of  heart  heats  pei 
each  cycle  will  occupy  TV  of  a  minute  or  a  little  more  than  oS  of 
a  second.     This  may  be  approximately  distributed  in  the  following 

Auricular  systole  about  or  + 
Ventricular  systole  al«>ut  0*3  -+- 
Total      systok-       about      0*4  -f* 


m    0*8 


Auricular    diastole    o'j 
Ventricular  dieatole  0*5 
Joint  auricular  and 
ventricular  diastole  0*4  =  oS 

If  the  speed  of  the  heart  is  quickened,  the  time  occupies 
each  cycle  is  diminished,  but  the  diminution  affects  chiefly  the 

diastole.     These  different  parts  of  the  cycle  must  ue*t  be  studied 
in  detail. 

The  Auricular  Diartol**.—  I  hiring  this  time,  the  blood  from  the 
large  veins  is  flowing  into  the  auricles,  the  pressure  in  the  veins 
though  very  low  being  greater  than  that  it)  the  empty  aui 
The  blood  ex  [Kinds  the  auricles,  and  during  the  last  part  01 
the  auricular  diastole  it  passes  on  into  the  ventricles.  The 
dilatation  of  the  auricles  is  assisted  by  the  elastic  traction  of  the 
lungs.  The  Kings  being  in  a  closed  cavity,  the  thorax,  and  l>eiijg 
distended  with  air,  are  in  virtue  of  their  elasticity  always  tending 
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to  recoil  and  squeeze  the  air  out  of  their  interior ;  in  so  doing 
they  drag  upon  any  other  organ  with  which  their  surface  is  in 
contact  :   this  elastic  t  net  inn  will  i  st  when  the  lungs  are 

most  distended,  that  is  during  inspiration,  and  will  be  more  f»  It 
by  the  thin-balled  auricles  than  by  the  thick-walled  ventricles  of 
the  heart 

Tht  ifl  >udden  and  very  rapid  ;  by  Contracting, 

the  auricles  empty  themselves  into  the  \  fraction 

commence!*  at  the  entrance  of  the  gnat  veins  and  is  thence  pro 
towards  the  auricnlo-rentricular  opening.  The  reason  why 
the  blood  dues  nut  pass  backwards  into  the  veins,  but  onward  into 
the  ventricles  is  again  a  question  of  pressure  ;  the  pressure  in  the 
relaxed  ventricles,  which  is  so  small  as  to  exert  a  suction  action 
on  the  auricular  blood.  It  Iw  than  in  the  veins,  Moreover,  the 
aurieulo-ventrieular  oritiee  is  large  and  widely  dilated,  whereas 
the  mouths  of  the  veins  are  constricted  by  the  contraction  of 
their  muscular  coats.  Though  there  is  no  regurgitation  of  the 
blood  backwards  into  the  veins,  there  is  a  stagnation  of  the  flow 
of  blood  on  wan  Is  to  the  auricles.  The  veins  have  DJO  valves  at 
their  entrance  into  tin4  auricles,  except  the  coronary  vein  which 
does  possess  a  valve;  there  are  valves,  however,  at  the  junction 
of  the  subclavian  and  internal  jugular  veins. 

tar  Diastole;  during  the  last  part  of  the  auricular 
diastole,  and  the  whole  of  the  auricular  systole,  the  ventricles  have 
been  relaxed  and  then  tilled  with  blood.  The  dilatation  of  the  ven- 
ules is  chiefly  brought  about  in  virtue  of  their  elasticity  ;  this 
is  particularly  evident  in  the  left  ventricle  with  its  thick  muscular 
equal  to  23  nun.  of  mercury,  and  is  quite  independent 
of  the  elastic  traction  of  the  lungs,  which,  however,  in  the  caae 
the  thinner-walled  right  ventricle  comes  into  play. 

The  VmtrkuhrSf&toti  ;  this  h  the  contraction  of  the  ventricles 
and  it  occupies  more  time  than  the  auricular  systole  ;  when  it 
occurs  the  auriculo-veutriculur  valves  are  closed  and  prevent 
reg  •  :»  into  the  auricles,  and  when   the  force  of  the  systole 

in  gi  and  the  pressure  within  the  ventricles  exceeds  that  in 

the  large  arteries  which  originate  from  them,  the  semilunar 
valves  are  opened,  md  the  ventricles  empty  themselves,  the  left 
into  the  aorta,  the  right  into  the  pulmonary  artery.  Each 
ventricle  ejects  about  3  uzs,  of  blood  with  each  contraction  ;  the 
left  in  virtue  of  its  thicker  walls  acts  about  thrice  as  forcibly  as 
the  right.  The  greater  force  of  the  left  ventricle  is  necessary  as 
it  has  to  overcome  the  resistance  of  the  small  vessels  all  over  the 
body  ;  whereas  the  right  ventricle  has  only  to  overcome  peri- 
pheral resistance  in  the  pulmonary  district 
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Action  of  the  Valves  of  the  Heart. 

7-~  A  ^ -  rr-.f,-..  xd'ir. — The  distension  of  the  ventricles 

'..••:  ■.■■.:.:.:.  .-  :";.r  -i^h^ut  the  whole  period  of  their  diastole. 
■-■■■::. :r..-  -!ir  valves  are  gradually  brought  into  place 
w.r  ":.!<>  •:  jettii.i:  behind  the  cusps  and  floating  them 
:h-  *.::i,e  that  the  diastole  is  complete,  the  valves  an 
i.  ti.i  :h cy  are  rirmly  closed  by  the  reflux  current 
':aii-.«:'l  by  fji..  -y-t'-ii.- i.f  the  ventricles.  The  diminution  in  the 
.-_ize  of  tb«;  b..-;trt  <b:riwj  ventricular  systole  is  well  marked  in  the 
neighbourhood  of  the  auriculo- ventricular  rings,  and  this  aids  in 
rendering  the  a uricukt- ventricular  valves  competent  to  close  the 
openiic-i,  by  jrreatly  diminishing  their  diameter.  The  margins  of 
the  nj-j,-.  iif  the  valves  are  still  more  secured  in  apposition  with  one 
another,  by  the  simultaneous  contraction  of  the  musculi  papillares, 
who-.e  chorda.-  tend  in  etc  have  a  special  mode  of  attachment  for 
this  object.  The  cusps  of  the  auriculo- ventricular  valves  meet  not 
by  iln-ir<«l;resoii]y,  but  by  the  opposed  surfaces  of  their  thin  outer 
liorder.s. 

The  musculi  papillares  prevent  the  auriculo- ventricular  valves 
from  beiiifr  everted  into  the  auricle.  For  the  chorda  tendinec 
mi«:ht  allow  the  valves  to  Ik?  pressed  back  into  the  auricle,  were 
it  nnt  that,  when  the  wall  of  the  ventricle  is  brought  by  its  con- 
traction  nearer  the  auriculo- ventricular  orifice,  the  musculi 
papillaris  more  than  compensate  for  this  by  their  own  contraction; 
tiny  hold  the  chords  ti^ht,  and,  by  pulling  down  the  valves, 
add  slightly  to  the  force  with  which  the  blood  is  expelled. 

These  statements  apply  equally  to  the  a uriculo-ve utricular 
valves  on  both  sides  of  the  heart;  the  closure  of  both  is  generally 
complete  every  time  the  ventricles  contract.     But  in  some  circum- 
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Fig.  727.  —  Section*  of  aorta,  to  «how  the  action  of 
tbc  sMTJiiluiiiii  valve*,  a  i*  intend**]  tin  whov, 
the  valve*,  reprwent^d  by  the  dotted  linen. 


stance*  does  not  completely  close,  and  a  certain 

quantity  of  blood  La  forced  back  into  the  auricle.      This  has  been 
called    ii  pa/ve  action,     The  circumstances    in   which    it 

happens  are   those   in   which   the  vessels  of  the  lung  are 
already  completely  full  when  the  right  ventricle  coo tracts,  as,  e.^., 
tn  certain  pulmonary  diseases,aud  in  very  active  muscular  exertion. 
In  these  iMsrs,  tin'   tricuspid  valve  does  tint  complete^  close,  and 
ttion  of  the  blood  may  be  indicated  by  a  pulsation  in 
1   veins  synchronous  with  that  in  the  carotid  arteries. 
2.    /  lunar  Valve**      It  hat    been   tootld   that  the  com- 

mencement of  the  ventricular  systole  precede*  the  opening  of  the 
\\  1-  bj  a  Frae- 
of    a    second.       This 
*s    that    the    intraven- 
tricular pmwMM   does  not 
I    the    arterial    pres- 
sure not 2 1    th<    systole  has 
actually     begun,    for     the 
1 1-  of  the  valves  takes 
place    sit    once   when    there 
is  a  distinct  difference  in 
favour   of    the   intraventri- 
cular    over      the    arterial 
pressure,  and  they  continue 
long  as  this 
difference  continues.   When 
the     arterial     exceeds     the 

Intraventricular  pressure,  there  is  a  tendency  of  the  blood  to  flow 
■k  to  the  heart,  and  this  closes  the  valves.     The  dilatation  of 
the    arteries    is,    in   a   peculiar    manner,   adapted   to    bring  this 
it.      The  lower  borders  nf  the  semilunar  valves  an  attached 
to  the  inner  surface  of  the   tendinous  ring,  which  is  inlaid  at  the 
orifice  of  the  artery,  between  the  niusenlar  fibres  of  the  ventricle 
and  the  elastic  fibres  of  the  walli  of  the  artery.     The   tissue  of 
this  ring  is  tough,  and  does  not  admit  of  extension  under  such 
pressure  a*  it  is  r<*nunnnlv  exposed  to  ;  the  valves  are  equally  inex- 
isile,  being  formed  of  fibrous  ti>suc,     Hence,  when  the  ventricle 
propels  blood   through   tiie  orifice  into  the  canal  of  the  artery, 
lateral  pressure  which  it  exercises  is  sufficient  to  dilate  the 
wjiI Is  of  the  artery,  hut  not  enough  to  stretch  in  an  equal  degree, 
if  ;u  all,  the  unyielding  valves  and  the  ring  to  which  their  lower 
borders  are  attached     The  effect,  therefore,  of  each  such  propul- 
1  of  blood   from  the  ventricle   is,  that  the  wall  of  the  first  por- 
tion of  the  artery  is  dilated  into  three  pouches  behind  the  valves 

*  a 


lying  near  th«?  arterial  wall*,  represented  by 
the  continuous  outer  Utu\  b  (utter  Hunter) 
i*how*  the  Arterial  wall  d  intended  into  throe 


-  (<t),  and  drawn  away  from  the  valve*, 
which  are  straightened  into  the  form  of  an 
1. 1  in  la  1 1  nil  triangle,  as  represented  by  the 
dotted  i 
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while  the  free  margins  of  the  valves  are  drawn   inward  I 

its  centre.     Their  positions  may  be  explained    by  the  diagram 

in  tig.  227,  in  which  the  continuous  lines  represent  a  Uv 
suction  of  the  arterial  walls,  the  dotted   ones   the   »    _ 
valves,  first,  when    the   valves  are  m  1  the  wal 

the  dead  heart,  and,  secondly,  when  the  walls  are  dilated,  and  the 
valves  an.-  drawn  away  from  them  (b). 

This  position  of  the  valves  and  arterial  mil*  is  retained  so  long 
as   the   ventricle  continues   in   contraction  :    hut   aa  soon  su  ii 
relaxes,  ami  the  dilated  arterial  walls  can  recoil  by  their  eta 
the  blood  is  forced  backward*  towards  the  ventricles  and  onward* 
in  the  course  of  the  chvul  ation.      Part  of  the  blood  r 
back  lies  in  the  pouches  (sinuses  of  Valsalva*)  **?tv) 

between  the  valves  find  the  arterial  walls  ;   and  the  valves 
it  pressed  together  till   their  thin   lunated  margins  meet  m  ihf* 
lines  radiating  from  the  centre  to  the  circumference  of  th* 
(7  and  8,  fig.  202), 

The  Sounds  of  the  Heart. 

When  the  ear  is  placed  over  the  region  of  the  h    <rt.  two  «  1   '. 
may  be  beard  at  every  heat  of  the  heart,  which   folloa  tn 
succession,  and    are  succeeded   by  a  j<ni<>    ot    period    of  aileooa 
Tb&flrH  or  st/stohr  sound    is  dull  and  prolan; 
ment  coincides  with  the  impulse  of  the  heart  against  the  cheat 
wall,  and   just  precedes   the   pulse  at   the  wrist.      The   *<< 
dimtolk  sound  is  shorter  and  sharper,  with  a    s>me what  flapping 
character,  and  follows  close  alter  the  arterial   pulse,      The  1 
of  time  occupied  respectively  by  the  two  sounds  taken  t< 
and  by  the  pause,  are  nearly  equal     Thu  ling  to  Walshc, 

if  the  cardiac  cycle  be  divided  into  tenths,  the  fin  !  oata> 

pies  T^  ;  the  second  sound    j-^  ;  the   first  pause  imper- 

ceptible) ,y>  J  nixl  the   second   pause  fo.     The  sounds  ar 
but  somewhat  inaptly  compared  to  the  syllables,  l\M — d$p. 

The  events  which  correspond,  in  point  ol   time,  with    tb 
sound  ,  are  (r)  the  contract  ion  of  the  ventricles,  (3)  the  ti? 
of  the  dilatation  of  the  auricles,  (3)  the  tension  <>t   thi 
ventricular  valves,  (4)  the  opening  of  the  semilunar  valves,  and 
(5)  the  propulsion  of  Mood  into  the  arteries.      The  sound  is  suc- 
ceeded, in  about  one-thirtieth  of  a  second,  by  the  pulsation  of  the 
facial  arteries,  and  in  about  one-sixth  of  a  second,  by  tbi 
tion  of  the  arteries  at   the  wrist.     The  .*  uul,  in  point  of 

time,  immediately  follows   the  cessation   of  the  ventricidar  con- 
traction, and  corresponds  with  (a)  the  tension  of   the  semilunar 
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▼alvea,  (6)  the  continued  dilatation  of  the  auricles,  (c)  the  eoxn- 

latatiott  of  the  ventricles,  and  (ft)  the  opening  of   the 

auriculo- ventricular  valves,      lli     pan*    immediately  follows  the 

second  sound,  and  corresponds  in  tf#  fu*t  pari  with  the  completed 

on  nf  the  auricles,  and  in  iU  tecoudvrith  their  con  tract  1011, 

1  the  completed  distension  of  the   ventricles;    the  luiriculo- 

ventricular  valves  are  Open,  and    the  arterial  valves  close*!  dun 

ihe  whole  of  the  pan 

Causes* — Ti  seof  the  first  sound  of  the  heart  is  a 


... 


heart ;  the  outer  tht1  rf W ion  of  the  * 
Mid  OnirdiKT.} 


tn  whirh  occur  wiU.ni 
*e  events.     .Shurpey 


matter  of  discussion.     Two  factors  probably  enter  into  it,  viz., 
r,  the  irih>\  the  auriculo-vrntricvlar  mlvt*  <tn<t  th*  vht*v<l*i 

tmdinecB.  This  vibration  is  produced  by  the  increased  mtravctv 
lular  pressure  set  up  when  the  ventricular  systole  commences, 
which  puts  the  valves  on  the  stretch.  It  is  not  onfflcely 
too,  that  the  vibration  of  the  ventricular  walls  themsei 
ami  of  the  aorta  and  pulmonary  artery,  all  of  which  parts 
suddenly  put  into  a  state  of  tension  at  the*  moment  of  ven- 
tricular contraction,  may  have  some  part  in  producing  the  first 
sound.  Secondly,  tht  muscular  sound  produced  by  contraction  of 
the  mass  of  muscular  fibres  which  form  the  ventricle.  Looking 
upon  the  contraction  of  the  heart  as  a  single  run  tract  ion  and  not 
as  a  series  of  contractions  Of  tetanus,  it  is  at  first  light  difficult 
see  why  there  should  be  any  muscular  sound  at  all  when  the 
heart  contracts,  as  •  single  muscular  contraction  does  not  produce 
sound.  It  has  l>ecn  suggested,  however,  that  it  arises  from  the 
repeated    unequal   tension   produced  when    the  wave   of  muscuhii' 
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contraction  passes  along  the  very  intricate')  god  fibres  of 

cular  walls.     There  can  be  no  doubt,  I 
valvular  element  is  the  more  important  of 

KRtnd    i>    loudest   at   first,  when    the  vibr.it 'urn    of   *!>»;<  valid 
commences,  an<l  fallen  away  as    the   vibrat  ise,     if  tbe 

i  was  mainly  muscular,  jt  would  be  loudest  whet 
cular  contraction   was  most   |M»»erfuL   which   is    upprniiiDsttl^ 
about  tbe  middle  of  the  ventricular  systole.    The  tacts  of  diseas* 
appon  t<>  tli.  theory  thai  the  first  sound  ilj  valvular, 

for  when  the  valves  are  incompetent,  the  first  sound  is  lar_ 
placed  by  a  murmur  dm  into  tbe  auricle. 

After  the  removal  of  the  he.  \.  the  muscular  mo 

tribution  to  the  first  sound  is  audible  but  il 
stated  to  have  a  somewhat  lower  patch  than  the  valvular 

The  cause  of  tlu  I  is  more  simple  than  that 

first.      It  is  entirely  due   to  the   vibration 
sudden  Stretching  of  tbe  semilunar  valves  when  they  are  preaacri 
down  across  the  orihVes  <>f  the  aorta  and  pulmonary  artery;    The 
influence  of  these  valves  in  producing  the  sou- 
ttrated  by  Hope,  who  experimented  with  the  hearts  of  calves.    In 
these  experiments  two,  delicate  curved  needles  were  ixu 
into  the  aorta,  and  another  into  the  pulmonary  artery,  bel 
line    of    attachment    of    the  semilunar  valves,   and,  after  being 
carried   upwards  about  half   an    inch,    were  brought  out  again 
through  the  coats  of  the  respective  vessels,  so  that  in  each 
oin  valve  was  included  between  the  arterial  walls  and  t) 

I/pon    applying    the  stethoscope  to    tin'  vessels,   stftei 
operation,  tbe  second  sound  ceased  to  be  audible.     Disease  of 
these  valves,  when  sufficleill  'ew  With  their  ettich >nt  action, 

also  demonstrates   the  same  fact   by  modifying  the  second  sound 
or  destroying  its  distinctm 

The  eon  tract  ion  of  the  auricles  is  inaudible. 

The  first  sound   is   heard    most  distinctly  at    the   apex   beat  b 
the   fifth  interspace;  the  second    sound  heard  over  the 

second  right  costal  cartilage — that  is,  the   place  where  the  aorta 
lies   nearest    bo    the   surface.      The   pulmonary   and    aortic 
generally    close   simultaneously.       In    some  cases,    howev 
aortic  may  close  slightly  before  the  pulmi 

to  a  'reduplicated  second    Bound.1     The   pulmonary  contribution 
to  this  sound  is  best  heard  over  the  second  l>\ft  cartilage. 

The  Coronary  Arteries. 
Tin-  arteries  are  the  first  branches  of  the  aorta 

originate  from   the  sinuses  of   Valsalva,  and  are  destined 
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ply  of  the  heart  itself  ;  the  entrance  ol  the  coronary  veiu,  into 
the  right  auricle,  we  have  already  Been  (p.  197). 

Ligature   of  the  eorontry  arteries  oaaaee   almost   immediate 

death  ;    the   heart,  deprived   of    its    normal    blood   supply,    Kriitn 
gularly,  twitches,  and  then  I  contract  altogether. 

In  fatty  degeneration  of  the  heart  in  man,  sudden  death  is  by 

unnani  infrequent.     This  is  in  q  due  to  a  growth  in 

ss  of  the  walla  of  the  coronary  arteries  called  atheroma^ 

which  progresses  until  the  lumen  of  them  arteries  is  obliterated, 

and  the  man  dies  almost  as  if  they  had  been  ligatured. 

■  '  i  •',■■■  //-m,'..  -This  1  xproaoion,  which  \&  now  only  of 
historical  v  Brtieke.     He  Niipnrxm-d   tlmt    rlie  semi- 

lunar  v:v  luring  the  systole  of 

heart.     Unlike  all  th  rterlee  of  tin-  body,  the  oofonuj  attt 

would  therefore  fill  only  during  diastole,  ami  cased  fulness  of  the 

vessels  in  the  heart  walls  durii  list  the  ventricle  to  dilate. 

Thin,  however,  is  incorrect  ;  the  valves  do  not  cover  the  mootbl  ol  the 
axteries  ;  and  when  the  coroDary  arteries  are  cut  they  spurt,  like  all  other 
reibly  daring  the  systole  of  the  ventricle. 


Cardiographs. 

rdiograph  is  au  instrument  for  obtaining  a  graphic  record 

lieart 's  movements.     In  animals  the  heart  may  be  exposed, 

ad  levers  placed  in   connection  with   its  various  parts   may  be 

iployed  to  write  on  a  revolving  blackened  surface. 

A  simple  instrument  applicable  to  the   frogs  heart    is   the    n>l 

raring 


^Nr 


Fig.  aaq.— Simple  cardiograph  for  frog's  heart. 

The  sternum  of  the  frog  having  been  removed,  the  pericardium 
opened,  and  the  fraentun  (a  small  band  from  the  back  of  the 
heart   to   the    pericardium)  divided,  the   heart   is   pulled   through 

th<    opening,  a  mtntrte  hook  placed  in  its  apex,  and  this  is  fixed 

by  a  silk  thread  to  a  lever  pivoted    at    I   as   in   the  figure.      The 

untnustioD  stints  at   t lie  sinus,  this  is  followed 

by  the  aurienl B  ,  and   that    by  the  ventricular  systole  rind 
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phtsiologv  or  tb> 


[CB.U. 


Thii  m  recorded  as  in  the  neit  figure  trig.  230)  I 
U  of  the  writing  point  at  the  end 

apparatus  is,  however,  not  npplictti 


K* 


*v>.— Cardiogram   of    frog's  heart.    <:.  sne*ffag 
followed  by  ventricular  bat ;  t,  time  in  half  seconds* 


heart,  and  all  the  various  forms  of  cardiograph  <k  \i 

purpose  are  modifications  of  Marey'a  tambours.    One  of  those  BMMt 

frequently  used  is  depicted  in  the  next  two  diagra 


Tube  to  communicate 
with  tambour. 


Tympanum. 
Pig.  131.-  Cardiograph. 


Ivory 
knob. 


Tape  to  »ttui.-L  the  instrument 
to  tl 


(Sanderson's.) 


Kg,  :;i  1  oonsbtt  of  a  cap- shaped  metal  box  ot 

t  an  elastic  india-rubber  membrane,  upQD  fixed  A 

small  knob  of  hard  wood  or  ivory.  This  knob,  however,  may  be  Attached, 
a»  u\  the  flgwr*,  to  the  side  of  the  box  by  means  of  a  spring,  and  may  k 
nuuK-  t    icl  upon  a  metal  disc  attached  to  the  elastic  membrane. 
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The    knib    U    far   ftpplioa  fhe    chest-wall   over  the  apex  beat, 

"he  box  or  tifnifhimuii  communicates  by  means  of  an  air-tight  tube  wilb  the 

DteHiir  *»f  a  second  tympanum,  in  connection  with  which   is  a   long  and 

"ifht  lever.     The  shock  of  the  heart's  impulse  being  communicated  to  the 

ury  knob  and  through  it  to  the  first  tympanum,  the  effect  is  at  once 

ted    by  tin-  column  of  air  in  the  elastic   tube  to  the   interior  of 

second  tympanum,  also  closed,  and  through  the  elastic  and  movable  lid 

Screw  to  regulate  deration  of  lever. 


Wilting  lever. 


Tambour. 


Tube  of  ouiliugiapli. 


,  t$i—  Marey'*  TtatkboVT,  to  which  the  movement  of  the  column  of  air  in  the  flrrt 
tympanum  El  epadudM  by  ■  labs,  and  from  which  it  in  communiwited  by  the  lover 
to  n  revolving  Cffioder,  M  that  the  trat  lng  of  the  movement  of  the  impulse  beat  ia 
obtained. 

<>f  the  latter  to  the  lever,  which  w  placed  in  connection  with  a  registering 
apparatus,  which  ooasista  am  covered  with  smoked  paper,  revolving 

with  a  definite  velocity.     The  point  of  the  lever  writes  upon  the  paper,  and 
a  tracing  of  tie  EipolM  OX  cardiogram  i-  (3hu  Ootainad, 

Fig.  233   rep  tjpioft]    tntting   obtained  in   this  way, 

Fhe  first  small  n><-  of  Che    liver   is   caused   by  the  auricular,  the 


Cardiogram  from  human  heart.    The  variations  in  the  individual  beats  are  due 
influence  of  the  respiratory  movements  on  the  heart.    To  be  read  from  left  to 
right 

oud  larger  rise   by    the  ventricular   systole  ;  the   downstroke 
epresents  the  pause,  the  tremors  at  the  commencement  of  which 
are  partly  instrumental  and  partly  caused   by  the   closure  of  the 
semilunar  valves. 

Another   method   of  obtaining  a  tracing  from  one's  own  I 
consists   in   dispensing  with   the  first   tambour,  and   placing   the 
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Cube  of  tfc  recording  tamhonr  in  one's  mouth,  and  holt 
breath  though  keeping  the  glottis  open. 
ss  tbe  fint  tambour,  and  the  movements  of   the   forte 
a)  may  be  written  in  the  usual  way. 


Bndocaxdiac  Pressure. 

Tbe  tracings  of  the  cardiograph  are,  bo  we  v.  triable, 

and  their  interpretation  is  a  matt,  r  erf  discussion.     A  mm 
method  of  obtaining  a  grapi  I  the  cutim 


Fig.  2 3 j.— Apptratuft  of  MM,  ChauTeau  and  Many  for  »>«ti  matin?  the  v*n»h<tM  of  »*>■ 
cardiac  prv»*urv,  an  J  the  production  *if  the  iriij 

cycle  consists  in  connecting  the  interior  of  an  animal-  !<• 
recording  apparatus. 

Then-  are  Beverm]   methods  by  which  the  endoeardiac  pressure 
may  he  recorded. 

By  placing  two  small  India-rubber  air  fonmA 

down  the  jugular  rein  into  the  interior  respectively  of  fchc 
auricle  and  tlie  right  ventricle,  and  a  third  in 
in  front  of  the  heart  of  a  living  animal  (horse),  and  placing 
bags,    by  means   of  long   narrow   tubes,  in   communication  with 
three  tain  hours  with  levers,  arranged  one  over  the  others  in  eon 
neetfon  with  a  registering  apparatus  (fig,  234),  Chauveau  mi 

Muvy  wire  able    to    record    and    measure   the    variations 
endocardial'  pressure  and  the  comparative  duration  of  thee 
tions  of  the  auricles  and  ventricles.     By  means  <>F  the  aann 

tin  synchronism  of  the  impulse  with  the  contraction  of  tbi 
ventricles  is  also  shown, 

the  tracing  (fig.  235),  the  intervals  between   the  vertical 


ENDOCARDIAL    I'RKSSITKtt. 

represent  periods  of  ■  truth   of  a  second.     The  parts  on 

which  any  given  vertical  line  falls  repTOaoiri  sinjuhitiv^Ms  events* 

It  will  be  seen  that  the  contraction of  the  auricle,  indicated  by  the 

\ed  curve  at  a  in  the  first  tracing,  causes  a  slight  increase  of 

tore   in    the   ventricle,  which    is   shown   at    a'  in   the  second 

.  and  produces  also  a  slight  impulse,  which  i*  indicated  by 

in    the    third    tracing.      The  closure   of    the  semi  lunar   valves 

Mum  a  momentarily  increased  pratfuie   in    the  ventricle  at  i>\ 

fects   the   pressure  in  the  auricle   0,  and    is  also  shown  in   the 

nng  of  the  impulse,  D*\ 

The  large  curve  of  the  ventricular  and  the  impulse  tracings, 


Kg.  a^s.  — Traoingpn  of    [l)f  IutrA-Hurirular,  ami     .-  ,  Iutrri-vintrirulur  pivwurc,  and  (j), 
■  impulse  of  the  heart ;  to  tie  read  from  left  to  right ;  obtained  by  Chaureau  and 
Marey'a  apparatus. 

between  a'  ai  od  a"  and  n",  are  caused  In  the  ventricular 

contraction,  while  the  smaller  undulations,  between  n  and  c,  b' 
and  c'f  n"  and  r ",  are  caused  by  the  vibrations  consequent  on  the 
tightening  and  closure  of  the  aurieulo-ventrieular  valves. 

Much  objection  has,  however,  been  taken  to  this  method  of 
investigation.  First,  because  it  does  not  admit  of  both  positive 
and  negative  pressure  being  recorded,  Secondly,  because  the 
method  is  only  applicable  t<>  large  animals,  such  as  the  horse. 
Third  I  me   the    iut  raven  trie  uhtr    changes    of    pressure   are 

rjmnmnieated  to  the  recording  tambour  by  a  long  elastic  column 
air;  and  fourthly  because  tin'  tambour  arrangement  has  a 
endcuey  to  record    inertia  vibration*      Rolleeton   bttl   rc-investi- 
lied  tin-  Bubjeel  with  a  more  suitable  apparatus     His  method 

follOWl  :   a  window    il    made  in  the  chest    of  an  anaesthetized 

curari/rd  animal,  and   an  appropriately  curved  glass  cannula 
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introduced  through  an  opening  in  the  Auricular  appendix.    The 
cannula  is  then  passed   through  the  aurieuIo-vcntricuW  orifice 
without  causing  any  appreciable  regurgttatkm,  ini 
or  it   may  In?  introduced  into  th  ft  ven- 

tricle by  an  opening  made  in  the  apex  of  the   heart,     I 
•  BJM  riments  th  .rough  the  chest- wall  into  the 

ventricular  cavity.     The  appar.<  led,  to    j  i «  vent 

with  a  BQtatkn  of  leech  extract  in  075  per  cent,  saline  solution 


Fig.  aj6.— Apparatus  for  recording-  the  endocardia*-  prearaxe.      ftolleatoa.  1 


or  with  a  solution  of  sodium  bicarbonate  of  Specific  gravity  1085. 
The  animals  employed  were  chiefly  dogs.     The  movement  of  the 
column  of  blood  is  communicated  to  the  writing  lever  bv  1 
erf  a  vulcanite  piston  which  moves  with  little  friction   in  a  brass 
tube  connected  with  the  glass  cannula  by  means  of  a  short 
nee  ting  tube, 

When  the  lower  part  of  the  tube  (a)  is  placed  in  eommuuica- 
tion  with  one  of  the  cavities  of  the  heart,  the  movements  of  the 
piston  are  recorded  by  means  of  the  lever  (c).  Attached  to  the 
lever  is  a  section  of  a  pulley  (h),  the  axis  of  which  coincides  with 
that  of  the  steel  ribbon  (e)  ;   while,  firmly  fixed   to    the    pist 


fill 


lie  lied  piston  rod  (i),  from  Hie  top  of  whkh  a  itrong 

Bilk  thread  (j)  passes  downwards  into  the  groove  on  the  pulley. 

This  thread  in,  after  befog  twisted  several  times  round  a  small 
pin  at  tin  side  of  the  lever,  enter*  the  groove  in  the  pulley  from 
above  downwards,  and  then  passes  to  be  fixed  to  the  lower  part 
of  the  curve  on  the  pistoo-fod  us  shown  in  the  smaller  figure. 

The  rise  and  fall  of  the  lev. ir  (o)  II  controlled  by  the  resistance 
to  torsion  of  the  steel  ribbon  (e),  to  the  middle  of  which  one  end 
of  the  lever  is  securely  fixed  by  a  light  screw  clamp  (f).  At 
some  distance  from  this  clamp — the  distance  raying  with  the 
degree  of  resistance  which  it  ii  desired  to  give  to  the  movements 


Fig-.  *}?.— Kadocudiao 
and  a  cannula  itn 


hfHB  Mn-  Ml  ventricle      The  thunut  wa#  opened 
need  through  the  apex  of  the  ventricle ;  the  ubacUKta  la  the  line  of 
atmospheric  preaaure.    o  to  o  represent*  ventricular  contraction ;  from  u  to  the  next 
riae  at  a  represent*  the  ventru-u] 


two   holders   (a   o)  which    m  run  h  Hamp    the 


of  the   lever — are 
steel  ribbon. 

As  the  torsion  of  a  steel  wire  or  strip  follows  Hooke's  law*,  the 
torsion  being  proportional  to  the  twisting  force — the  movements 
of  the  lever  point  are  proportional  to  the  force  employed  to  twist 
the  steel  strip  or  ribbon — in  other  words,  to  the  pressures  which 
act  on  the  piston  (b). 

The  n  sistiinee  to  torsion  of  a  steel  ribbon  adapts  itself  wit 
conveniently  to  the  obtaining  of  a  satisfactory  reeord  of  the 
variations  in  auricular  rind  ventricular  pressure. 

This  resistance  can  l«."  varied  in  two  ways,  first  by  using  one  or 
more  pieces  of  steel  ribbon  or  by  using  strips  of  different  thick- 
nesses  ;  or  secondly,  hy  varying  the  distance  between  the  holders 
(o  o)  and  the  central  part  of  the  steel  ribbon  to  which  the  lever 
is  attached. 

Rolle-stons  conclusions  are  as  follows  : — 

i.  That  there  is  no  distinct  and  separate  auricular  contractual 
inrirked  in  the  curves  obtained  from  either  right  or  left  ventricle*, 
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the  auricular  and  ventricular  rises  of  prCBBIITO  )>cing  merged  toto 
one  continuous  rise. 

2.  That  the  aiiriculo- ventricular  ralree  W  anj 

great    rise  of  pressure  within   the    ventricle    ni  I  which 

results  frorn  the  aaricula?  23S).      The   closure  of 


Fig.  «j8.— CUTW  from  left  ran  N/n's  npfuratui ; 

the  ibcrian  shows  atinospherk*  proasuiv. 

the  valve  occurs  probably  in  the  Lower  third  erf  die  riae  a  b  (fig. 
238),  and  does  not  produce  KttJ   OOtch  OT  wave. 

3,  That  the  semilunar  valves  open  at  tin  in  the  ventn- 
cular  systole,  situated  (at  e)  about  or  a  little  above  the  junction 
of  the  middle  and  upper  third  of  the  ascending  line  (ah),  and 
the  closure  about  or  a  little  before  the  shoulder 

4.  That  the  minimum  pressure  in  the  ventricle  may  fall  below 
that  of  the  atmosphere,  but  that  the  amount  varies  considerably. 


W 


Fig.  *39.— HQrthle'n 

A  Mother  method  of  overcoming  the  imperfections  of  Mareyi 
tambour  is  by  the  use  of  Hiirthle V  manometer.  In  this  the  tarn- 
hour  is  very  small,  the  membrane  ia  made  of  thick  rubber,  and 
the  whole,  including  the  tube  that  connects  it  to  the  heart,  is 
tilled  with  ■  strong  Baline  solution  (saturated  solut  -*hum 

sulphate). 

The  fencing  obtained  by  this  instrument,  when  eonni 
the  interior  of  the  ventricle,  is  represented  in  the  next  figure. 

The  auricular  systole  causes  a  small  rise  of  pressure  a 
lasts  about  '05  second.      It   i.s  immediately  followed   bv  thi 
tricular  contraction,  which   lasts  from   B  to  n.      From  b  to  c  the 
ng  up  pressure,  so  that  at  c  it  equals  the  aortic 
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Bure.  This  takes  -02  to  -04  second.  Beyond  c  the  aortic 
valves  open,  awl  blood  is  driven  into  tin-  aorta  ;  the  outflow  1 
from  c  t«>  d  (2  second).  At  d  the  ventricle  relaxes.  The  Hut 
part  of  the  curve  is  spoken  of  as  the  tywtolic  plateau^  and  BbOO 
ing  to  the  state  of  the  heart  and  the  peripheral  resistance  may 
present  a  gradual  ascent  Off  descent  ;  it  oeonptee  about 'i8  second. 
Aim  r    the    relaxation    begins,    the    intraven- 

tricular pressure  falls  below  tin    malic,  so  that  the  ■ortiQ  valves 
close  near  the  tipper  part  of  the  dcaoont  at  k. 

The  amount  of  pressure   in   the   heart  is  measured  by  a  mano- 
meter, which    is  connected    to   the    lit  rut    by  a  tube  containing  a 

lve.      This  was   Hrst   used    by  tiolti  and  (iaiile.      If   the  valve 


Fig,  2 40. — Curve  of  Intru-venLrieuUr  pressure.     (After  HOithle.) 


Its  fluid  to  p>  nl'l>  rr'hnl  th(J  heart,  the  manometer  will 
indicate  the  maximum  pressure  ever  attained  daring  the  cycle* 
If  it  is  turned  the  Other  way,  it  will  indicate  the  minimum 
pressure.  The  following  are  some  of  the  measurements  taken 
from  the  dogs  heart  in  terms  of  millimetres  of  mercury  ! — 


MnxiniHiii 

Minimum 

pirm 

1,1  ■ . 

Left  ventricle     . 

140  nun. 

p  to  40  mm 

ventricle 

,     .            60  mm. 

-   15  mm. 

utricle 

20  mm. 

-     7  to  8  nun. 

a  negative  (  —  )  promote  one    nc-ans   that   the  mercury  is 
sucked  up  in  the  limb  of  the  manometer  towards  the  heart 


Frequency  and  Force  of  the  Heart's  Action. 


The  heart  <>f  a  healthy  adult  man  contracts  about  72  times  in 
a  minute;  but  many  circumstances  cause  this  rate,  which  of 
course  ootieepondfl  with  that  of  the  arterial  pulse,  to  vary  even 
in  heal tli.  The  chief  are  age,  temperament,  sex,  food  and  drink, 
exercise,  time  of  day,  posture,  ntm«i*[.|icrie  pressure,  temperature. 
Some  figures  in  reference  to  the  influence  of  age  are  appended. 

The   frequency  of  the  heart*!  action  gradually  diminishes  from 
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to  near  the  end  *f  life,  but  is  swJ  to  nit 
old  age,  thus  : — 


btrtb  the  sreiafe  oambcr  of      About      the     feventh 

i#  150  jear  from  90  to  |$ 


J  art  after  birth       .  ttom  140  to  ijo      About  the  fourteenth 

Daring  the  6rvtje*j  130  year  $51080 

During    ft*    mad  lu  adult  litre         ,  B»M 


;  age  So  to  70 

115  to  too      Id  old  age  Totafc 

taring  the  tiurd year  too  to   90      In  decrepitude  75  *°  *S 

III  health  there  is  observed  a  nearly  uniform  relation  betwwn 
the  frequency  of  the  beats  of  the  heart  and  of  the  respiration; 
the  proportion  being,  on  an  average,  1  respiration  4  beatx 

The  same  relation  is  generally  maintained  in  the  cases  in  which 
the  action  of  the  heart  is  naturally  accelerated.  M  alter  food  or 
exercise  ;  but  in  disease  this  relation  may  cease. 

Jn  est i mati  1  .  »rk  done  by  any  machine   it   is  usual  to 

express  it  in  terms  of  the  unit  of  work.  En  England,  the  unit  of 
work  is  the  f<*A-j»/unih  and  is  defined  to  be  ti  ported 

in  raising  a  unit  of  weight  <  1  lb.) through  a  unit  of  height (1  ft): 
in  France,  the  jrrajn-mefrr.     The  work  done   b  leart  it 

each  contraction  can  be  readily  found  by  multiplying  the  weight 
of  blood  expelled  by  the  ventricles  by  the  height  to  whieh  ffc 
blood  rises  in  a  tube  tied  into  an  artery.    Tht  in  probably 

about  2  metres  (7  ft.)  in  man.  Taking  the  weight  of  blood 
expelled  from  the  left  ventricle  at  each  systole  as  125  gramma 
(4  oz.)  and  the  average  pressure  in  the  aorta  as  150  mm.  mercury 
(2  metres  blood),  the  work  done  at  each  contraction  will  be 
250  gram-metres.  To  this  must  be  added  80  gram-metres  for 
the  work  done  by  the  right  ventricle  If  the  heart  beats  72  timei 
a  minute,  it  will  do   30,000  kUogramm  rk  in  the 

24  hours,  or  about  a  quarter  of  the  work  performed  by  a  labourer 
working  under  supervision  for  eight  hours.      (Waller.) 

The  Output  0/  -The  calculation  in   rh>  ag  paragraph 

is  based  upon  tin*  experiments  of  Voikmann  and  Vferorat.      R 
hn*  shown  that  their  estimate  of  the  output  of  the  heart  is  e\  I  'iiect 

roeaMii«  im  nt-  of    the    heart's  output   have   heen    made    by  ^tolnikow  ami 

BtstedC,     The  former  eni  off  by  ligature  the  whole  of  the 
latin  1  in  the  dog,  and  then  measure*!  the  amount  of  blood    passing  throagti 
the  simplified   circulation    which    consisted   outy 

nummary  vessels  by  means  nf  a  Limduati  >onfe 

-I    the  vrsscls.      J;.-,  ■-. -N-dt.   made  his  obs< 

fsee  p,  25  I  into  the  aorta,     ^Severe  operative  measures  of  this  kind, 

if  with  the  circulation  a  good  deal. 

Qrsnant  and  Quinquand,  and  Zuntz  adopted  an  indirect  metb 
the  comparison  nf  the  amount   of    oxygen   absorbed    in    f 
the  amount   added  io  tin    blood    in    its  pas  the  pulnw 

circulation. 
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G.N.  Stewart  has  introduced  au  ingenious  method,  the  principle  of  which 
is  the  following.  A  solution  of  an  innocuous  substance,  which  can  be  easily 
recognised  and  estimated,  is  allowed  to  flow  for  a  definite  rime  and  at  a 
uniform  rate  into  the  heart:  the  substance  selected  was  sodium  chloride. 
This  mingles  with  the  blood  and  passes  into  the  circulation.     At  a  conve- 

iL-  vascular  system^  a  sample  of  blood  is  drawn  oil 
before  the  injection,  and  an  equal  amount  during  the  passage  of  the  salt  ; 
the  quantity  of  the  sodium  chloride  solution  which  must  be  added  to  the 
first  sample  in  ovdor  thnr  it  may  contain  as  much  as  the  second  sample  is 
determined.  This  determination  gives  the  extent  to  which  the  salt,  solution 
has  been  mixed  with  the  blood  in  the  heart,  and  knowing  the  quantity  of 
the  solution  which  has  run  into  the  heart,  the  output  in  ■  given  tim 
be  calculated. 

All  these  experiments  have  been  on  animals.  The  results  obtained  neces- 
sarily vary  with  the  size  of  the  animal  used,  and  with  the  rate  at  which 
the  heart  is  beating.  If  the  same  relationship  holds  for  man  as  for  animals. 
Stewart  calculates  that  in  a  man  weighing  70  kilo,  the  output  of  each 
ventricle  per  second  is  less  than  0*002  of  the  body  weight,  ix.f  about  105 
grammes  of  blood  per  second,  or  87  grammes  (alx>ut  80  c.c.)  per  heart  beat 
with  a  pulse  rate  of  72,  Zuntz  obtained  rather  smaller  numbers  by  hi* 
method. 

Various  methods  have  been  adopted  for  registering  the  output  of  the 
heart  under  varying  circumstances.  A  simple  mrdwrneter  applicable  to 
the  heart  of  a  small  mammal  like  a  eat  has  been  devised  by  Barnard,  h 
consists  of  an  india-rubber  tennis  ball  with  a  circular  orifice  cut  in  one  side 
of  it  large  enough  to  admit  the  heart ;  a  glass  tube  is  securely  fixed  into  a 
small  opening  on  the  opposite  aide  of  the  ball.  The  animal  is  anaeather 
and  its  thorax  opened.  The  animal  Lfl  kept  alive  by  artificial  respiraiion. 
The  pericardium  is  then  opened  by  a  crucial  incision,  the  heart  to  slipped 
into  the  ball  ;  the  pericardium  overlaps  the  outside  of  the  hall,  and  the 
apparatus  is  rendered  air-tight  by  smearing  the  edgei  t*f  the  hole  with 
vaseline.  The  four  corners  of  the  pericardium  are  then  tightly  tied  by 
ligatures  round  the  glass  tube  juat  mentioned.  This  tube  is  connected  by  a 
stout  india-rubber  tube  to  a  Mnrey'a  tambour  or  a  pSston-TeoofdeJ 
writing  point  of  which  is  applied  to  a  moving  blackened  cylinder.  When 
the  heart  a>  withdrawn  from  the  tambour  to  ihe  cardio- 

meter ;  when  the  heart  expands,  the  air  will  move  iti  Hie  reverse  direction. 
These  movements  are  written  by  the  end  of  the  lever  of  the  Umbour,  and 
variations  iu  the  excursions  of  this  lever  correspond  with  vui&tioni  in  the 
amount  of  blood  expelled  from  or  drawn  into  the  heart  with  systole  and 
diastole  respectively.  By  calibrating  the  instrument  the  actual  volume  r.| 
the  blood  expelled  can  be  ascertained. 

I  hi*  iri-t.rument  has  to  a  j^rcat  extent  replaced  a  more  elubon 
meter  invented  by  the  late  Prof.  Roy.     His  instrument  was  made  of  metal, 
and  oil  instead  of  air  was  uHed  as  the  medium  in  its  interior. 


Innervation  of  the  Heart, 

The  nerves  of  the  heart,  which  under  normal  circumstances 
control  its  movements,  are  the  following  :— 

1.  Cardiac  branches  of  the  vagus. 

2.  The  cardiac  branches  of  the  sympathetic, 

3.  The  intrinsic  nerves  of  the  heart.  These  were  Innncrlv 
regarded  as  more  or  less  independent  of  the  other  two  sets  of 
fibres  ;  we  now  know,  however,  that  they  are  merely  the  termi* 
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I  of  the  other  nerves  in  the  heart-wall.      For 
of  description,  however,  we  will  keep  the  old  name. 

The  Vagna.— This  ime»  from  the  grey  matter  in  the  floor 
of  the  fourth  ventricle,  at  the  point  of  the  calamus  scriptonm 
It   leaves  the  bulb   by  some  10 — 15  bundles  behind  tht 
nerve,  mid  leaves  the  skull  by  the  jugular  foramen,  having  upon 
it  s  ganglion  called  the  jugular  ganglion.      It  gives  off  bnocki 
Uj  the  vessels  of  the  meninges  and  to  the  ear,  and  then  reoefoi 
certain  connecting  branches  :  (a)  from  the  glossopharyngeal,  u> 
physiological  meaning  of  which  is  not  known  ;  and  (©)  it  recani 
the  whole  inner  division   of  the  spinal   accessory  nerve.    Ha 
nerve  arises  from  a  centre  in  the  bulb  close  to  and  helot  th 


Fig,  141,— Tracing  thorn 

vHntri-ulur  tru-inir. 
of  rmrwi  ■tiinuUtu 


primary.  Tue  part  of  the  tracing  to  tbe  left  show 
rate  height  bwl ore  Ntimulation.  During  «ti  inula 
beat*  of  auricle  and  ventricle  are  arretted.  Aft 
*ma11  at  Hurt,  but  noon  squire  a  much  greater  ar 
of  the  atinmlmi,    (Front  Brunttm,  after  Gaikclh) 


rirolar;  Tot, 
fete  the  p»no4 

r...  trim  % 
km  4  ^x- 

m*  dm  a» 
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vagal  nucleus;    the  outer  half  of   the  same   nerve  arises  ttm 
spinal  roots,  and  supplies  the  sterno-mastoid  and  trapesing. 

The  fibres  of  the  spinal  accessory  that  join  the  vagus  •» 
chiefly  motor,  especially  to  the  larynx ;  possibly  some  are  cardie 
inhibitory  (see  more  fully  pp,  245,  246), 

The   vagus  then  gives  off  branches  to   the   pharynx,  larynx 
heart,  lungs,  cesophagus,  and  stomach,  the  remainder  join 
cosliao  plexus,  and  contributing  to  the  nerve  supply  of  vanoa 
abdominal  organs.     We  have,  however,  in  this  place  only  to  deal 
with  the  cardiac  fib  row. 

It  has  been  known  since  the  experiment*  of  the  Bros.  Web«r 
in  1845*  tuat  stimulation  of  one  or  both  vagi    produces  slowing 

ippago  of  the  beats  of  the  heart.     It  has  since  been 
in  all  of  the  vertebrate  animals  experimented  with,  that  this  e 
the  normal   result  of   v  timulation.     Moreover,  sect 


CARDIAC   7AGU& 

▼agus  produces  slight  acceleration   of  the  heart ;  this  result 

I  when  both  vagi  are  divided. 

k  stimulation  of  the  peripheral  end  of  the  divided  nerve 

:   of    the  heart  (fig.    242);  a    strong    stimuli!* 

stoppage   (fig.    24t).      It    tppean    that    any    kind    of 

stimulus  pro  the  same  effect,  either  choinical,    mechanical, 

electrical,  or  thermal,  tint  that   of   these   the    most    potent    is 

a    rapidly    interrupted    induction    current*      A    certain    amount 

of  confusion    has  arisen  as    to    the    effect  of   vagus  stimulation 

in    consequence    of    the    fact    that    within    the    trunk    of     the 

nerve  are  contained,  in  some  animals,   fibres  of   the  sympathetic, 

and   it  depends  to  boom  extent  upon   the  exact  position  of  the 

application   of  the  stimulus,   as   to    the  exact    effect    produced. 

Speaking  generally,  however,  excitation  of  any  part  of  the  trunk 


Pi|T.  *4?.— TraHiur  *howintf  ditnintnlied  Amplitude  und  nlowimr  of  the*  pulwtiotui  of  the 
Auricle  and  plctc  rtoppugv  during  -t  inhibition  of  the  vagus, 

"tn  Brunton.  *m  r  < ">  wkell 

of  the  vagus  produces  inhibition,  the  stimulus  heing  particularly 
potent  if  applied  to  the  termination  of  the  vagi  in  the  heart 
itaelf,  where  they  enter  the  substance  of  the  organ  at  the  situation 
♦  ♦(  the  sinus  gftngiift.  The  stimulus  may  be  applied  to  either  vagus 
with  effect,  although  it  is  frequently  more  potent  if  applied  to 
the  nerve  on  the  riejit  side.  The  effect  of  the  stimulus  is  not  imme- 
diately seen  ;  one  or  more  Uata  may  occur  before  Stoppage  of  the 
rt  takes  place,  and  slight  stimulation  may  produce  only  slowing 
ami  not  oompleto  v  of  the  heart.   The  stoppage  may  be  due 

either  to  prolongation  of  the  diastole,  as  is  usually  the  case,  or  to 
diminution  of  the  systole.  Vagus  stimulation  inhibits  the  spon- 
taneous beats  of  the  heart  only  ;  it  does  not  do  away  with  the 
irritability  of  the  heart-muscle,  sirs  I  stimulation  may 

bring  out  a  brut  during  the  stand-still  caused  by  vagus  stimula- 
tion.     The  inhibition  of  the  beats  varies   in   duration,  but  if  the 
stimulation  is  a  prolonged   one,  the   heats  may  reappear  before 
current   is    shut   off.       When    the    beati  reappear   on    the 


inhibitory  bnuich*^ 
to  the 
We  shall   study  its  uie  in 

of  the  sympathetic  b  the 
of  the  sympathetic 
of  the  heart  beau,  tod 
of  the  same  nerve  produai 
produced  by  stimulation  of  the  sym- 
by  increased  force,  and  so  the 
action  of  the  nerve  is  more  properly  termed  au$mtnt<*>  Da 
action  of  the  sympathetic  differs  from  that  of  the  vagus  in 
several  particulars  besides  the  augmentation  which  is  produced : 
first,  the  stimulus  required  to  produce  any  effect  must  be  more 
powerful  than  is  the  case  with  the  vagus  stimulation  ;  si 
a  longer  time  elapses  before  the  effect  is  manifest;  ami  tl 

ion  is  followed  by  exhaustion,  the  beats  being  after 
tnd  less  frequent 
The  fibre*  of  the  sympathetic  system  which  influence  the  heart- 
beat in  the  frog,  leave  the  spinal  Oftrd  by  the  anterior  root  of  the 
third  spinal  nerve,  and  pass  thence  by  the  ramus  commuuicans  la 
the  third  sympathetic  ganglion,  thence  to  the  second  sympathetic 
ganglion,  and  thence  by  the  annulus  of  \  m  (round  the  ml*- 

clavian  artery)  to  the  first  sympathetic  ganglion,  and  th 
tlin  maJll  t ii tnU  of  the  sympathetic,  to  near  the  exit  of  the  vagtu 
Irani  the  oraniuin^  where  it  joins  that  nerve  sod  runs  down  to 
tint   | mart  within   its  sheath,  forming  the  joint  V*go  sympathetic 
trunk.      These  fibres  are  indicated  by  the  dark  line  in  thefijj 

ill \l  page,      The  fibres  of  the  sympathetic  seen  runn 

into    the   skull    are    In     the    supply    of    blood 

ihould  lie  noted  that  the  frog  has  no  spinal  accessory  ner 

From   the   fad    that    the   augmentor  fibres   arc  joined  to  the 
vagus  trunk,  it  will  be  understood   that  the  effect  «>f   I 
Mqq  of   tlvr  vtgus  in  the  frog  is  not  in  all  cases  purely  inhibitor/, 

Ensj  bo  augment  or.   according  to  the   position   wher 
ittmulue  is  applied,  the  intensity  of  t lie  stimulus,  and  the  ooo- 
ditton    of  the    heart  ;    if  it   is   beating    strongly    a   slight  rafts 
wdl  prodnee  immediate  inhibition. 
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In  the  dog,  the  augmentor  fibreB  leave  the  cord  by  the  second 
and  third  dorsal  nerves,  and  possibly  by  anterior  roots  of  two  or 
more  lower  nerves  ;  they  pas*  by  the  rami  communicantcs  l<>  the 
ganglion  stellatum,  or  first  thoracic  ganglion,  and  thence  by  the 
annnlus  of  Vieussens  to  the  inferior  cervical  ganglion  of  the 
sympathetic;  fibres  from  the  annul  us,  or  from  the  inferior 
eervical  ganglion,  proceed  to  the  heart. 

In   man,   the  oardi&O  branches  of    the  sympathetic   probably 


&X* 


Originate  in  the  same  way;  they  pass  to  the  heart  from  the 
auiitilus  of  Vieussens  and  cervical  sympathetic  in  superior, 
middle  and  lower  bundles  of  fibres.  These  pass  to  the  cardiac 
plexus,  and  surrounding  the  coronary  vessels  ultimately  reach 
the  heart.  They  probably  contain  vasomotor  fibres  for  these 
sels,  as  well  as  the  more  important  fibres  for  the  heart  itself. 

The   course   of   the   inhibitory    fibres  in    mamnml.H   has    been    recently 
investigated  by  Grosaiuiuju,    He  divides  the  ruutlets  that  leave  the  medulla 
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to  form  the  ninth,  tenth  and  eleventh  cianial   ben 

b  and  e;  a  corresponds  fairly  well  with  tbc  fibre?  of  the  glouophaiTtgmi.  | 
with   those  of  the  vagus,  unci   e  with  those  of  the   spinal  accm 
stimulating  each  rootlet  he  found  the  cardio-inhibi  he  k*« 

two  or  three  rootlets  of  group  &  and  the  upper  rootlet  of  grout 
found  no  cardiac  nerves  in  the  spinal  accessory  at  all*     The  old  fiew  tha 
all  the  inhibitory  fibres  of  the   heart  originate  from   tin*  spinal  scosm} 
nerve  was  based  on  rough  and  ioexar 

The  inhibitory  fibres  are  me*  lu Hated,  and  only  BOMISW  2^-  to  j^iu  la- 
meter  ;  they  pass  to  the  heart  ai  ir  medulla  in  the  ganglia  «( tats 
organ.  The  sympathetic  :  the  heart  a*  ao*> 
medullated  fibres;  having  lost  their 

cervical  and  first  thoracic)  gau  g  at  re  in  theccmnJ 

nervous  system  has  not  yet  been  accurate  d. 

Influence  of  Drug*. — The  question  of  the  action  of  drupco 
the  heart  fonns  a  large  branch  of  pharmacology.  We  shall  be 
conteut  here  with  luentioning  two  only,  as  they  are  largdv  tned 
for  experimental  purposes  by  physiologists.  Atropine  produce* 
considerable  augmentation  of  the  heart- bents  by  paralysing  the 
inhibitory  mechanism.  Muscarine  (obtained  from  poisonous  fungi j 
produces  marked  slowing,  and  in  larger  doses  stoppage  of  rite 
heart.  It  produces  a  similar  effect  to  that  of  prolonged  vagus 
stimulation,  and,  as  in  that  ease,  the  effect  can  be  removed  by 
the  action  of  atropine.  The  action  of  atropine  cannot,  however, 
be  antagonised  by  muscarine.  That  these  drugs  act  on  tbi 
nerves,  and  not  the  muscular  substance  of  the  heart,  is  shown  by 
the  fact  that  in  the  hearts  of  early  embryos,  so  early  that  do 
nerves  have  yet  grown  to  the  heart,  these  drugs  have  1 
no  effect     (Pickering,) 

Reflex  Inhibition, — Thus  there  is  no  doubt  that  the  ngi 
nerves  are  simply  the  media  of  an  inhibitory  or  restraining 
influence  over  the  act  ion  of  the  heart  which  is  conveyed  throogb 
them  from  the  centre  in  the  medulla  oblongata  which  is  always 
in  operation*  The  restraining  influence  of  the  centre  in  tic 
medulla  may  be  reflex  ly  increased  by  stimulation  ->st  any 

afferent  nerve,  particularly  of  the  abdominal  sympathetic,  so  a* 
to  produce  slowing  or  stoppage  of  the  heart,  through  impulses 
passing  down  the  vagi.  As  an  example  of  this  rv 
lation,  the  well-known  effect  on  the  heart  of  a  violent  blow  on 
the  epigastrium  may  be  referred  to.  The  stoppage  of  the  hearts 
action  in  this  ease  is  due  t">  the  conveyance  of  the  nervous  impulsi? 
by  fibres  of  the  sympathetic  (afferent)  to  the  medulla  oblongata, 
and  its  subsequent  inflection   through  the  vag  rent)  to  tin? 

muscular  substance  of  the  heart.    Chloroform  vapour  and  tobacco 
smoke  in  some  people  and  animals,  by  acting  on  the  termination* 
of  the  vagi  or  their  branches  in  the  respiratory  system,  may  also 
"uce  reflex  inhibition  of  the  heart,    Some  very  remarkable 
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orning  the  readiness  by  which  reflex  inhibition  of  the  fish's 

may  be  produced  were  made  out  by  Prof.  Mc William;  any 

sjht  irritation  of  the  tail,  gills,  mucous  membrane  of  mouth  and 

pnx,  or  of  the  parietal  peritoneum,  causes  the  heart  to  stop 

connection  with  the  subject  of  reflex  inhibition,  it  may  be 

tioned  in  conclusion  that  though  we  have  no  voluntary  cou- 

>1   over  the    heart's    movements,    yet  cerebral  excitement  will 

uce  an  effect  on  the   rate  of  the  luart,  II  in  certain  emo- 

>ual  condition*. 

Intracardiac    Nerves. — The    heart  beats  after  its  removal 

m  the  body  ;  in  the  case  of  the   frog  and  other  cold-blooded 

ials,  this  will  go  on  for  hours,  and  under  favourable  eireum- 

ices  for  days.      In  the  case  of  the  mammal,  it  is  more  a  ques- 

of  minutes  unless  the  heart  is  artificially  fed  through  the 

uy  artery  with  arterial  blood.      If  this  is  done,  especially 

in  an  atmosphere  of  oxygen,  tin-  dog's  heart,  or  even  strips  of  the 

heart,  can    be  kept  beating  for  hours.     (Porter.)     At  one 

time  thi*  WM  supposed  to  be  due  to  the  intrinsic  nervous  q 

of  the  heart ;  the    heart    was    regarded    almost  as  a  complete 

■in,  possessing  not  only   parts   capable   of   movement,  but 

a  nervous  system  to  initiate  and  regulate  those  movements. 

We  now,  however,  look  upon  the  muscular  tissue  of  the  heart, 

ther  than  its  nerves,  as  the  tissue  which  possesses  the  power  of 

ytlujjical    movement,    because   muscular   tissue    which   has    no 

xv es  at  all  possesses  this  property.      For  instance,  the  ventricle 

,pex  of  the  frog's  or  tortoise  a  heart  possesses  no  nerves,  but  if  it 

cut  off  and  fed  with  a  suitable  nutritive  fluid  at  considerable 

re,  it  will  beat  rhythmically  (Gaskell).      The  apparatus  by 

which  this  may  be  accomplished  we  shall  study  at  the  end  of  this 

chapter.     The  middle  third  of   the  ureter  in  another  instance  of 

muscular  tissue  free  from  nerves,  but  which  nevertheless  executes 

peristaltic    movements.       Perhaps,    however,    the    most   striking 

instance  is  that  of  the  total  heart,  which  begins  to  beat  directly 

it  is  formed,  long  before  any  nerves  have  grown  into  it. 

Tlie  power  of  rhythmical  peristalsis  therefore  resides  in  the 
muscular  tissue  itself,  though  normally  during  life  it  is  controlled 
and  regulated  by  the  nerves  that  supply  it. 

The  intracardiac  nerves  have  been  chiefly  studied  in  the  frog ; 
the  two  vago-sy  m  pathetic  nerves  terminate  in  various  groups  of 
ganglion  cells  ;  of  these  the  most  important  are  JBnM&I  if'tmjlion, 
tuated  at  the  junction  of  the  sinus  with  the  right  auricle  ;  and 
idder't  ganglionr  at  the  junction  of  the  auricles  and  ventricle,     A 
third  collection  of  ganglion  cells  (van  Bezold's  ganglion)  is  situated 
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the  ganglion  cell*,  fibres 
and  the  upper  part 
to  be  called  the  local 
inhibitory  centre  of  the  hetrt, 
it  »  really  the  termination 
of  the  inhibitory  fibres,  tod 
stimulation  of  the  heart  at 
the  nna-aarieular  junction 
is  the  most  certain  way  of 
obtaining  stoppage  of  th« 
heart.  Bidder's  ganglion  nt 
called  the  local  accelerator 
centre     for    a     corresponding 


The  accompanying  figure* 
show  the  vagal  term 
in  Remake  ganglion  (fig. 
some  isolated  nerf* 
cells  from  this  ganglion  (fig. 
245) ;  and  fig.  246  ta  1 
rough  diagram  to  indicate 
the  positions  of  the  principal 
ganglia. 

In  connection  with  the  rhythmic  contraction  of  the  hear 
necessary  to  allude  to  what  is  known  as  Stannius'  experiment 


Fig-  *44 .— Cour»»  of  the  wnw  in  the  auricu- 
lar partition  wall  of  the  heart  of  a  f ro*. 
«Y  donal   br 


rentral   branch. 
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Hg.  245.    IhoIhW  ncrv«w*l 
0,  capsule ;  A',  nu 


he  froff*«  heart.    I.  Usual  farm.    H.  Twin  cell 
,  nuclaalttB  ;  /\  process.     (From  Ecktr  J 


Thin  experiment  consists  in  applying  a  tight  ligature  to  the' heart 
brLwtt'ii  the  uxraa  and  the  right  auricle,  the  etiect  of  which  is  to 
itop  the  beal  of  the  heart layoutl  the  ligature,  whilst  the  sinus 
Loiitiiaiin  to  beat*  If  a  second  ligature  is  applied  at  the  juno- 
inm  t«f  the  auricles  and  ventricle,  the  ventricle  begins  to  heat, 
whilst  the  auricles  continue  quiescent     In  both  cases  the  quiea- 
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cent  parts  of  the  heart  may  be  made  to  give  single  0QQ tractions 
in  response  to  mechanical  or  electrical  stimulation.  A  consider* 
able  amount  of  discussion  has  arisen  as  t<*  the  explanation  of 
these  phenomena.  It  was  suggested  that  the  action  of  the 
ligature  is  to  stimulate  the  inhibitory  nervous  mechanism  in 
the  sinus,  whereby  the  auricles  and  ventricle  can  no  longer 
continue  to  contract,  but  this  suggestion  must  be  gme  up  if 
the  present  theory  as  to  the  functions  of  the  nerve  ganglia  is 
correct.  The  effect  of  Stannius'  ligature  is  simply  an  example  of 
what  has  been  called  by  U&skell  blocking.  The  explanation  of 
this  term  is  as  follows  : — It  appears  that  under  normal  conditions 
the  wave  of  contraction  in  the  heart  starts  at  the  sinus  and 
travels  downwards  over  the  auricles  to  the  ventricle,  the  irrita- 
bility of  the  muscle  and  the  power  of  rhythmic  contractility  being 


Vfe.  246.— Diagram  of  ganglia  in  frog1*  heart,    R,  It*  tr.uk's  B,  Didder'*  guugli.m; 
B.  tanvM ;  A«  auricle ;  V,  ventricle. 


greatest  in  the  sinus,  less  in  the  auricles,  and  still  less  in  the 
ventricle,  whilst  under  ordinary  conditions  the  apical  portion  of 
the  ventricle  exhibits  very  slight  irritability  and  still  less  power 
of  spontaneous  contraction.  Thus  it  may  be  supposed  that  the 
wave  of  contraction  beginning  at  the  sinus  is  more  or  less  blocked 
by  a  ring  of  muscle  at  lower  irritability  at  its  junction  with  the 
auricles ;  again  the  wave  in  the  auricles  is  similarly  delayed 
in  its  passage  over  to  the  ventricle  by  a  ring  of  lesser  irritability, 
and  thus  the  wave  of  contraction  starting  at  the  sinus  is  broken 
as  it  were  both  at  the  auricles  and  at  the  ventricle,  My  an 
arrangement  of  ligatures,  or  better,  of  a  system  of  clamps,  one 
part  of  the  heart  may  be  isolated  from  the  other  portion,  and 
the  contraction  when  stimulated  hy  an  induction  shock  may  be 
made  to  stop  in  the  portion  of  the  heart-muscle  in  which  it 
begins.  It  is  not  unlikely  that  the  contraction  of  one  portion  of 
the  heart  acts  as  a  stimulus  to  the  next  portion,  and  that  the 
sinus  contraction  generally  begins  first,  since  the  sinus  is  the 
most  irritable  to  stimuli,  and  possesses  the  power  of  rhythmic 
contractility  to  the  most  highly  developed  degree.  It  must  not 
be  thought,  however,  that  the  wave  of  contraction  is  incapable  of 


feet  with  regard  to  the  pssage  of 
oat  by  partial  dkisum 
point,  whereby  one  part  of  the  wall 
with  the  other  pares  by  a  anil 
and  the  wave  of  cuntmtiut 
n  then  able  to  paw  to  toe  next  portion  of  the  wall  only  eren 
!  or  third  faeaL     Thus  division  of  the  muscle  has  much  the 
as  partial  clamping  it  in  the  name   ]  r  of  » 

applied,  but    not    tied     I  The  firo 

i  ligature  acta  as  a  partial  or  oomph  and  pr 

Tents  the  stimulus  of  the  sinus-beat  from  pawing  further  do*-- 
the  heart,  but  parts  beyond  the  ligature  may  be  made  to  cantor, 
by  stimuli  applied  to  them  directly.     The  second  Stannius  lig* 
ture  acts  as  a  stimulus  to  the  ventriele.      Instead  of  a] 
the  second  ligature,  the  eiperiment  may  be  varied  by  cut 
the  heart  beyond  the  first  ligature;  the  stimulation  caused  bv 
cutting  produces  waves  of  contraction  that  travel  over  aurii 
and  ventricle. 


The  explanation  of  the  action   of  the  Stimulus  I  just  given 

bard  nded  hh  wholly  satisfactory  though  it  is  the  best  that 

ofTen  mi  ,    If  the  first  ligature  acts  as  a  block  it  is  difficult 

i  i  ihould  act  na  a  stimulus;  and  if  the  second  acts  »  * 
lees  why  the  lirst  sboald  not  act  as  a  stimulus  ab>, 

Ths  impoftanoe  of  the  sinus  as  the  starting-point  of  the  peri* 

HtalhiH  can   be  very  well  shown  by  warming  it.       If  the  whole 

Vanned  by  bathing  it  in  salt  solution  at  about  the  body 

l«iu|nTiiturv,  it  beats  faster;  this  is  due  to  the  sinus  starting  i 

larger  numbor  of  peristal  tie  waves;  that  this  is  the  case  maybe 

demonstrated   by  warming  localised  portions  of  the   heart  by  a 

maU   galvafio  cautery  ;  if  the  sinus  is  warmed    the   heart  beats 

ii    the  auricle*  or  ventricle  are   warmed  there  is  so 

alteration  in  tin*  heart's  rate. 

MIh'  Ninu,   in   the   frog's  heart,  anil   that   portion   of  the 
auricle  ul  tlir  mammal  s  heart  which  corresponds   to  the  sin 

ltr   last   [tortion  of  the  heart  to  cense  beating  on  death,  or 
!  from    r  (ultima  marten*).      This  is  an  sddi- 

proof  of  the  superior  rhythmical  power  possessed  I 
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The    fact    that   tin    Stannius   heart  is  quiescent  has  enabled 

ivsiologists  to  study  the  effects  of  stimuli  upon  heart  muscle. 

single  stimulus    produces  a  single  contraction,    which   has  a 

latent  period,  is  slow,  and   propagated  as  a  wave  over  the 

at  the   rate  of   *  to  -J  inch,  or  10 — 15  mm.  a  second.     A 

stimulus  causes  a   rather   larger  contra*  limi,  |    third  one 

1  still,  and   so  on   fur  some   four  or  five   heal-,  when  the  size 

the  contraction  beoomei  constant.     Thii  (ion, 

it  is  called,  is  tiiO   seen    in  voluntary  nuwh-  (866  p.   124)1  hut 
is  more  marked  in  the  heart.      The  follow  mi:  tracing  shows  the 
.lit  of  an  actual  experiment : — 


w,  a*  7. —Staircase  from  froff**  heart.    Thia  wum  obtained  from  a  Stanaiu*  preparation ; 
'  an  induction  shock  being  tient  into  it  with  every  revolution  tif  th<*  cylinder  rapid  rate) . 
The  contractions  became  larger  with  every  beat.    To  be  read  from  right  to  Lit 


There  are,  however,  more  marked  difimioei  than  this  between 
itary  and  heart  muscle.  The  first  of  these  is,  that  the 
traction  does  not  vary  with  the  strength  of  the 
illation*  A  stimulus  strong  enough  to  produce  a  contraction 
at  all  brings  out  as  big  a  beat  as  the  strongest.  The  second  is, 
that  the  heart    nuisrle   has   a    l<»n  '"/•//   period;   that   is   to 

say,  after  the  application  of  a  stimulus,  a  second  stimulus  will 
not  cause  a  second  contraction  until  after  tie  lapse  of  a  certain 
interval  called  the  n/mctory  periixf.  The  third  difference  depends 
on  the  second,  and  consists  in  the  fact  that  the  heart  muscle  can 
never  be  thrown  into  complete  tetanus  by  a  rapid  series  of  stimu- 
lations ;  with  a  strong  current  there  is  a  partial  fusion  of  the 
beats,  but  this  is  entirely  independent  of  the  rale  of  faradisation. 
Indeed,  as  a  rule,  the  heart  responds  U  Fewer  beftffl  i*>  a  rapid 
than  t"  a  >lo\v  rate  of  stimulation. 

In  spite  of  these  differences  there  are  many  and  important 
resendi lances  between  heart  muscle  and  voluntary  muscle. 

The  thermal  and  chemical  changes  are  similar;  there  is  a 
using-up  of  oxygen  and  a  production  of  carbonic  acid  and  sarco- 
1  actio  acid.      The  nsin^-up  of  oxygen  was  well  illustrated  by  au 
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solution  of  on- 

frig's  heart,  and  found 

the  heart,  the  solution  boons) 


wad  have  aireadr  lew 

We  majt  however,  add  hi 

which  was  performed 

that  if  the  vagus  and  the  sympatic* 

opposite  effects  en  the  oontractioo  of   the  heart,  thev 

lit  to  produce  opposite  electrical  effects  as  well.     So  he  toot 

a  atrip  of  the  auricle  of  the  tortoise  which  was  still  in  connection 

with  the  two  nerves  ;  on  stimulating  the  vagus  it  became  eler- 

trically  mare  positive,  and  on   stimulating  the    sympathetic  it 

i  negative,  a  result  which  justified  his  argument 


Instruments  for  Studying  the  Excised  Frog's  Heart, 

If  a  frog's  heart  is  simply  excised  and  allowed  to  remain  with- 
out being  fed,  it  ceases  to  beat  after 
a  time  varying  from  a  few  minute* 
to  an  hour  or  so,  but  if  it  is  fed  with 
a  nutritive  fluid,  it  will  continue  to 
beat  for  many  hours.  A  very  good 
/J?  nutritive  fluid  is  defibrinated  M 

^^     //  luted  with  twice  its  volume  of  physio- 

\f  logical  saline  solution.     Dr.  Ringer  ha*, 

however,  shown   that    nearly  as  good 
results  are  obtained  with  physiological 
saline  solution  to  which  minute  quanu- 
ties  of   calcium    and    potassium  salt* 
have  been  added ;  in  other  words,  the 
inorganic  salts  of  the  blood  will  main 
iniiac  activity  for  a  time  without 
the  addition  of  any  organic  m 
The  fluid   iw  passed  through  the  heart 
by  means  of  a  perfusion  cannula  (fig, 
248).     The  heart  is  tied  on  to  ti 
of    the  cannula  ;    the  fluid  enti 
one  and  leaves  by  the  other  tube. 
Numerous  instruments  have  been  devised  for  obtaining  gi 
records  of  the  heart's  movements  under  these  circumstance 

dl  ba  content  with  describing  three  of  the   best.     The? 
have  been  much  used  in  the  investigation  of  the  effects  of  drugs 


Fi*;,*4S'-;K™«,ck*r'*  ****** 

Cannula,  for  (Upplruur  Fluid* 
to  the  interior  of  tb?  Fretf. 
Heart. 

It  coukUU  of  a  double  tube, 
one  outride  the  other.  The 
Inner  tnlte  branch**  oat  to  the 
right  j  thu*,  when  the  ventricle 
w  tied  to  xitv  outer  tube  of  the 
cannula,  ft  current  of  liquid  can 
be  made  to  jaw  into  the  heart 
tuba  a  11 J  out  through  the 
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the  heart,  and  the  results  obtained  have  been  of  much  service 
physicians. 

(O  The  heart  having  been  securely  tied  on  to  the  perfusion  cannula,  the 

ircu  biting  fluid  is  passed  through  It     One  stem  of  the  cannula  is  then 

Ltached  by  the  small  side  branch  on  the  left  in  fi>.  24S  by  a  tube  containing 

ution  to  a  small  mercurial  manometer,  pravirlc<J  with  a  float,  on  the 

Dp  of  which  is  a  writing  style,     The  apparatus  is  arranged  bo  that  the 

ovements  of  the  mercury  can  be  recorded  by  the  float  and  the  writing 

yle  on  a  slowly  revolving  drum.     The  movements  of  the  mercury  are  due 

1  change  in  the  endocardiae  pressure. 

jther  two  instrument*  we  shall   describe  arc  constructed  on  the 


toi 

oii 

froi 


Fig,  a, 19. — Roy's  Tonometer. 

ppoaite  principle  !  the  belli  is  enclosed  in  a  chamber  filled  with  oil,  and 
e  movements  of  this  oil  outride  the  heart  are  registered. 
(2)  Roy'*  Tonometer  (fig.  249)  :  A  small  bell-jar,  open  above,  but  provided 
with  a  firmly  fitting  stopper,  in  which  is  fixed  a  double  cannula,  is  adjustable 
by  a  smoothly  ground  base  upon  a  circular  brass  plate,  about  2  to  £  inches 
in  diameter.  The  junction  is  made  complete  by  greasing  the  base  with  lard. 
In  the  plate,  which  is  fixed  to  a  stand  adjustable  on  an  upright,  are  two 
nules,  one  in  the  centre,  a  large  one  about  one-thinl  of  an  inch  in  diameter, 
to  which  is  fixed  below  a  brass  grooved  collar,  about  half  nn  inch  deep  ;  the 
Other  bole  i*  the  opening  into  a  pipe  provided  with  a  stopcock.  The  opening 
i  with  the  collar  is  closet!  at  the  lower  part  with  a  membrane, which 
U  closely  tied  by  means  of  a  ligature  armiml  the  trroove  at  the  lower  <  .iu*e 
of  the  collar.  To  this  membrane  a  piece  of  cork  is  fastened  by  sealing-wax, 
from  which  passe*  a  wire,  which  is  attached  to  a  lever  (cut  short  in  the 
diagram)  fixed  on  a  stage  below  the  apparatus. 

When  using  the  apparatus,  the  bell -jar  is  filled  with  olive  oil.    The  heart 
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of  a  large  frog  is  prepared  and  the  cannula  fixed  in  the  i topper  b  firmly  tiM 
into  it :  the  tubes  of  the  cannula  communicate  with  the  reservoir  of  circa. 
Utir.sr  Amd  on  the  one  hand,  and  with  a  Teasel  to  receire  it  after  it  kiim 
t h  rorjjrh  the  heart  on  the  other.  The  cannula  with  heart  attached  is  passed  into 
the  oil.  and  the  stopper  firmly  secured.  Every  time  the  heart  enlarges,  tie 
membrane  i<  pressed  down  :  every  time  the  heart  contracts  the  membrane* 
pulled  up ;  the  lever  follows  and  magnifies  these  movements.  The  levers 
adjured  to  a  convenient  elevation  and  allowed  to  write  on  a  moving  drcn. 
Aft er  a  short  time  the  heart  may  stop  beating  ;  but  two  wires  are  arranged, 
the  one  in  the  cannula,  the  other  projecting  from  the  plate  in  such  a  way 
that  the  heart  can  be  moved  against  them  bj  shifting  the  position  of  the 
bell -jar  a  little.  The  wires  act  as  electrodes,  and  can  be  made  to  commoni- 
r-ate  with  an  ind action  apparatus,  so  that  induction  shocks  can  be  sent  into 


*— t 


Fig.  250.— Schifer'i  heart  plethysmograph. 


the  heart  to  produce  contractions.  After  a  greater  or  less  time  the  bent 
ceases  to  beat  altogether ;  before  doing  so  it  becomes  irregular.  A  fre- 
quent form  of  irregularity  6cen  consists  of  groups  of  contractions  etet 
Knowing  a  staircase,  separated  by  long  intervals  of  quiescence  (Lucianfi 
Groups). 

(3)  8rhiifer%*  Heart-phihysmograph. — The  principle  of  this  apparahv  s 
the  name  as  Roy's.  A  diagrammatic  sketch  of  it  is  given  in  fig.  250.  Tbe 
heart,  tied  on  to  a  double  cannula,  is  inserted  into  an  air-tight  vessel  con- 
taining oil.  On  one  side  of  the  vessel  is  a  tube,  in  which  a  lightly-movisf 
piston  is  fitted  ;  to  this  a  writing  point  is  attached.  The  piston  is  moved 
backwards  and  forwards  by  the  changes  of  volume  in  the  heart  causing  the 
oil  to  alternately  recede  from  and  pass  into  this  side  tube.  The  correspond- 
ing tulw  on  the  other  side  can  be  opened  and  the  tube  with  the  piston 
closed  when  one  wishes  to  cease  recording  the  movements. 


CHAPTER  XXL 

THK   CIRlTLATION  IN  THE   BLOOD- VESSELS. 

Thk  circulation  through  the  vessels  is  accomplished  hy  the 

vet  a*  the  primary  propelling  force  ;  the  pressure  in  the  heart 

»tor  than  that  in  the  arteries  ;  the  arterial  pressure  (which 
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is  kept  high  uot  only  by  the  heart's  force,  but  by  the  existence 
of  resistance  at  the  periphery)  is  greater  than  that  in  the  capil- 
laries, antl  the  pressure  is  lowest  iu  the  veins,  especially  at  their 
ranee  into  the  heart ;  and  fluid  always  flows  in  the  direction 
of  lower  pressure.  Before,  however,  passing  on  to  the  all-important 
question  of  blood-pressure,  we  must  first  consider  various  other 
phenomena  in  connection  with  the  flow  in  the  vessels,  such  as  the 
velocity  of  the  stream,  and  the  character  of  the  flow  in  different 
parts  of  the  vascular  circuit. 


The  Telocity  of  the  Blood^Flow. 

The  velocity  of  the  blood -current  at  any  given  point  in  the 
rioua  divisions  of  the  circulatory  system  is  inversely  propor- 
tional to  their  sectional  area  at  that  point  If  the  sectional  area 
of  all  the  branches  of  a  vessel  united  were  always  the  same  as 
that  of  the  vessel  from  which  they  arise,  and  if  the  aggregate 
sectional  area  of  the  capillary  vessels  were  equal  to  that  of  the 
aorta,  the  mean  rapidity  of  the  blood's  motion  in  the  capillaries 

-lid  be  the  same  as  in  the  aorta  ;  and  if  a  similar  correspondence 
ol  capacity  existed  in  the  veins  and  arteries,  there  would  be  au 
equal  correspondence  in  the  rapidity  of  the  circulation  in  them. 

'  when  an  artery  divides,  the  sectional  area  of  its  branches  is 
greater  than  that  of  the  artery  from  which  they  originate.     The 

y  exception  to  this  rule  is  seen  in  the  division  of  the  aorta  into 
the  two  common  iliac  arteries.  It  is  the  Bame  with  the  veins  ; 
the  sectional  area  of  a  vein  formed  by  the  union  of  smaller  veins 
is  less  than  the  total  sectional  area  of  its  tributaries.  From  the 
aorta  onwards  to  the  capillaries  there  is  a  gradual  increase  of  the 
area  of  the  stream  with  a  corresponding  diminution  of  its  velocity  ; 
from  the  capillaries  onwards  to  the  heart  there  is  a  gradual  de- 
crease of  the  bed  of  the  stream  and  a  corresponding  increase  in 
its  velocity. 

In  nther  words  the  arterial  and  venous  systems  may  be  repre- 
sented by  two  truncated  cones  with  their  apices  directed  towards 
the  heart;  the  area  of  their  united  base  {the  sectional  area 
q|  the  capillaries)  is  about  700  times  as  great  as  that  of  the 
truncated  apex  representing  the  aorta.  Thus  the  velocity  of 
blood  in  the  capillaries  is  not  more  than  j^  of  that  in  the  aorta. 
The  veins  are  larger  than  the  corresponding  arteries,  and  so  the 
rate  there  is  proportionally  slower. 

In  the  Art*rie&, — The  velocity  of  the  stream  of  blood  is  greater 
in  the  arteries  than   in  any  other  part  of  the  circulatory  system 


■. — Various  instn. 

thewelodry 

Lading 

A  and  t,  ue  of 
be  filled  by  t 
meat  is  m  am- 

part  to  firmly  fixed 
Co  »  circolsr  hori- 
:  of  borisootftl  movement  on 
;  4  /'about  the  vertical  axis  marked 
by  ft  dotted  Use.      Tbe  opening  in  e  t  \ 
tbe  instraasest  it  is  portion,  as  in  fig.  151. 
exactly  vita  those  in  4/  <f  ;  but  if  r  / 
be  turned  ft*  neat  angles  to  its   present  position, 
there  it  00  communication  between  k  and  a,  ami  1 
ftnd  a',  hot  A  communicates  directly  with  1  ;  and  if 
tamed  through  two  right  ingles  <•'  communicates 
with  rf,  ftnd  9  with  rf'f  ami  there  is  no  direct  commu- 
nication between  *  and  C.    The  experiment  is  per- 
formed   in  the  following  waj  : — The  artery  to  fa 
experimented  upon  is  divided  and  connected  wits 
two  cannula;  and  tubes  which  fit  it  accurately  with 
h  ftnd  1 ;  A  is  the  central  endt  and  $  the  peripheal; 
the  bulb  a  is  filled  with  olive  oil    np  to  a  point 
rather  lower  than  *T  and  a*  and  the  remainder  of  s 
is  filled  with  defibrinated  blood  ;  the  tube  on 
then  carefully  clamped  :  the  tubes  d  and  d'  are 
filled  with  defibrinated  blo»*l.     When  everyt" " 
ready,  the  Mood   ih  allowed  to  flow  into  a  through  hf  and   it  pushes 

H   l> d,  and  that  the  defibrinated  blood  into  the  artery  through  t ;  a'  k* 

when  the  blood  reaches  the  former  level  of  the  ofl  in  s, 
the  dine  r  n*  \n  turned  rapidly  through  two  rig-fat  angles,  and  the  blood 
Aowtfig  through  d  into  a' again  displaces  tbe  oil  which  is  driven  into  s. 
This  in  repeated  several  times,  and  the  duration  of  the  ex  peri  meat  noted. 
Tim  cnpacltv  <>f  a  and  a'  is  known  ;  the  diameter  of  the  artery  11  also 
known  l'v  [ti  oorresponding  with  the  cannula!  of  known  diameter. and  sa 
»ni Kit  f(  tine  *  t{  ha*  liec-n  rilled  in  a  given  time  is  known,  the  velneih 
Of  tbi  ciin en  1  ran  be  calculated. 

n'l  instrument  (fig.  252)  consists  of  a  thin  brass  tube,  ft,  in  one 
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■itlc  i»f  which  is  a  small  perfora  ion  closed  by  thin  vulcanised  indiu-n- 
Pkming  throu  one  end  of  which,  slightly  flat- 

the  Ittmrn  of  the  tube,  while  the  other  moves  over  the 
^k  of  a  dial.     The  tul>c  is  inserted  into  the  interior  of  an  artery,  and 
ligature-  fix  it*  so  that  the  movement  of  the  blood  mayf  in  flowing 

through  the  tube,  be  indicated  by  the  movement  of  the  outer  extremity  of 
the  lever  on  the  face  of  the  dial. 

The  Htrwfttnrhflmrti  r  of  Vierordt  resembles  in  principle  that  of 
Ctmuveau. 

The  Uttmadrom*mrtrr  of  Volkmann,  one  of  the  earliest  instruments  de- 
vised for  this  purpose,  is  simply  a  long  glass  tT-tube  of  the  same  calibre  as 
the  artery  under  investigation.    It  is  provided  with  a  stop-cock,  so  that  at  a 


k. 


Iff-  •$».- 


of  Ch&UTMu'f  Dromograph.    <tf  Bnu«  tube  for  introduction  into  the 
artery,  *n&  runUin  in*  an  index-needle,  which  pa«M*  through  the  *Iaatic 
__  its  aide,  and  move*  by  the  impulse  of  the  blood  current,    c,  Graduated 
■cole,  for  mounting  the  extent  of  the  oeciuationa  of  the  needle. 

given  moment  the  blood  can  be  admitted,  and  the  time  that  the  blood  takes 
to  reach  its  other  end  is  observed. 

In  the  Capillarity — The  microscopic  observations  of  &  EL 
ber  and  Valentin  agree  very  closely  as  to  the  rate  of  the 
blood-current  in  the  capillaries  of  the  frog;  and  the  mean  of  their 
estimates  gives  the  Velocity  of  the  tyttetnic  capillary  circulation  at 
about  one  inch  (25  mm.)  per  minute.  The  velocity  in  the  capil- 
laries of  warm-blooded  animals  is  somewhat  greater;  in  the  dog 
11  ls  vij  to    linr  mcn  ('5   *°  *75  mm.)  a  second.      This  may  seem 

on  si  b  tent  with  the  Facts,  which  show  that  the  whole  circulation 
is  accomplish t  I  in  less  than  half  a  minute.  Hut  the  whole  length 
of  capillary  vessels  through  which  any  given  portion  of  blood  has 
to  pass,  probably  does  not  exceed  from  ^th  to  ^th  of  an  inch 
(5  mm.);  and  therefore  the  time  required  for  each  quantity  of 
blood  to  traverse  its  own  appointed  portion  of  the  general 
capillary  system  will  scarcely  amount  to  a  second. 

In  the  PMhk — The  velocity  of  the  blood  is  greater  in  the  veins 
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the  arteries:  tau  {*t 
of  the  arterial  and  rasa 
of   the  proportionate  areas  tf 
to  them  could  be  marie,  vt 
current,  calculate  that  U 
is,  that  the  capacity  of  the  Ton 
;  as  great  as  that  of  the  arteries*  and 
that  the  veaoehj  of  the  Hoofs  motion   is,  therefore,  ah 
or  three  times  as  great  m  the  arteries  as    in    the  reins,  8  intoa 
(200  ana.)  a  second.     The  rate  at  which  the  blood  movt 
veins  gradnatij  rnrrrsars  the  nearer  it  approaches  the  heart,  for 
the  sectional  area  of  the  Tenons  trunks,  compared  with  that  cf 
the  branches  opening  into  them,  becomes  gradually  less  a§  the 
trunks  advance  towards  the  heart. 

Of  ike  Circulation  as  a  whoU, — Among  the  earliest  inveaugatan 
of  the  question  how  long  an  entire  circulation  takes  was  Bering. 
lie  injected  s  solution  of  potassium  ferrocranide  into  the  oeotn] 
end  of  a  divided  jugular  rem  and  collected  the  blood  either  from 
the  other  end  of  the  same  rein,  or  from  the  corresponding  Ten 
of  the  other  side.  The  substance  injected  is  one  that  can  \* 
readily  detected  by  a  chemical  test  (the  prus&iau  blue  reaetioc^ 
Vierordt  improved  this  method  by  collecting  the  blood  as  it  flowd 
out*  in  a  rotating  disc  divided  into  a  number  of  compartmem 
The  blood  was  tested  in  each  compartment,  and  the  ferrocjanklf 
'hscovered  in  one  which  in  the  case  of  the  horse  received  the 
blood  about  half  a  minute  after  the  injection  had  been  nude 
The  experiment  was  performed  in  a  large  number  of  animals,  sod 
the  following  were  a  few  of  the  results  obtained : 


In  the  horse 
«       dog 
M      cat 
u       fowl 


3  1  seconds, 

16        „ 

6-5     n 
5 


At  first  sight  these  numbers  show  uo  agreement,  but  in  each 
case  it  was  found   that  the   time  occupied  was    2  7    heart  bests. 
The  dogs  heart,  for  instance,  beats  twice  as  fast  as  the  horsed 
anil  so  the  time  of  the  entire  circulation  only  occupies  half  i 
Inueh  time. 

If,  now,  thin  is  applied  to  man,  27  heart  beats,  the  heart 
Ing  72  times  a  minute,  will  occupy  23*2   seconds  j  and   1! 
until  recently  taken  as  the  time  of  the  complete  circulation,  aud 
from   it  the  following  calculation   was  made;   27  heart  beats  mil 
sjopel  all   the  blood  round  the  body,  so  that  if  we  multiply  27 
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by  the  capacity  of  the  left  ventricle,  we  obtain  the  total  amount 
of  blood  in  the  body ;  thug  r 

27  X  187*5  ~  5»°02  grammes,  which  is  equal  to  about 
one- thirteenth  of  the  body-weight  of  a  man  weighing  65  kilo- 
grams. 

The  question,  however,  has  recently  been  re-investigated  by 
Prof.  Stewart  by  new  and  improved  methods,  wliich  have  shown 
that  the  time  of  the  circulation  is  about  15  seconds,  that  is  con- 
siderably less  than  was  found  by  the  researches  of  Hering  and 
Vierordt.  The  great  object  .ion  to  the  older  method  is  the  fact 
that  hemorrhage  is  occurring  throughout  the  experiment,  and 
this  would  materially  weaken  the  heart  and  slow  down  the  cir- 
culation. The  substance  Stewart  injects  is  methylene  blue;  this 
can  be  readily  detected  through  the  vessel  walls,  and  the  time  of 
its  reappearance  noted  ;  this  method  gives  the  nine  results  as  a 
more  complicated  method  involving  the  use  of  a  galvanometer 
previously  adopted  by  the  same  investigator.  Stewart  has 
applied  his  method  also  for  determining  the  time  occupied  by  the 
passage  of  blood  through  various  districts  of  the  circulation  ; 
among  the  organs,  for  instance,  he  finds  that  the  circulation 
through  the  kidneys  is  slowest. 


. 


The  Use  of  the  Elasticity  of  the  Vessels- 


If  a  pump  is  connected  with  a  rigid  tube,  such  as  a  glass  tuhc, 
every  time  that  a  certain  amount  is  forced  into  one  end  of  the 
tube  an  exactly  equal  quantity  will  be  forced  out  at  the  other 
end.  During  the  intervals  between  the  pum pings,  the  flow  will 
cease.  If  the  far  end  of  the  tube  is  partially  closed,  the  flow 
will  still  be  intermittent,  only  the  quantity  injected  and  the 
quantity  ejected,  though  still  of  equal  volume,  will  be  diminished. 
If  we  employ  an  elastic  tube  instead  of  a  rigid  tube,  and  the  end 
is  left  freely  open,  the  flow  will  still  be  intermittent  as  in  the 
case  of  the  rigid  tube;  but  if  the  end  of  tbe  elastic  tube  is 
■  ed  by  a  chimp  tbe  intermittent  flow  will  be  converted  into 
ft  nmre  be  tan  perfectly  constant  flow.  Each  stroke  of  the  pump 
forces  a  certain  amount  of  fluid  into  the  tube,  but  owing  to  the 
peripheral  resistance,  it  cannot  all  escape  at  once,  and  part  of 
the  force  of  the  pump  is  spent  in  distending  the  walls  of  the  tube. 
This  distended  elastic  tube,  however,  tends  to  empty  itself,  and 
Forces  out  the  fluid  which  distends  it  before  the  next  stroke  of 
the  pump  takes  place.  One  pzirt  of  the  fluid  is  therefore  forced 
out  by  the  immediate  effect  of  the   pump,  and  another  part  by 
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the  elastic  recoil  of  the  tube  between  the  strokes.  If  the  ntfeof 
the  pump  and  the  distension  of  the  tube  which  it  produces  • 
sufficiently  great,  the  fluid  forced  out  between  the  strokes  ¥ifl 
be  equal  to  that  entering  at  each  stroke  and  thus  the  outflow 
becomes  continuous. 

Let  us  now  apply  this  to  the  body. 

At  each  beat  the  left  ventricle  forces  about  three  ounce*  of 
blood  into  the  already  full  arterial  system.  The  arterial  tie 
elastic  tubes,  and  the  amount  of  elastic  tissue  is  greatest 
large  arteries.  The  first  effect  of  the  extra  three  ounces 
distend  the  aorta  still  further;  the  elastic  recoil  of  the  tola 
drives  on  another  portion  of  blood  which  distends  the  next  saruoo 
of  the  arterial  wall,  and  this  wave  of  distension  is  transmittal 
along  the  arteries  with  gradually  diminishing  force  as  the  total 
arterial  stream  becomes  larger.  This  wave  constitutes  the  puW 
Between  the  strokes  of  the  pump,  or,  in  other  words,  during  the 
periods  of  diastole,  the  arteries  tend  to  return  to  their  original  sue, 
and  so  drive  the  blood  on.  The  flow,  therefore,  does  not  cease dur- 
ing the  heart's  inactivity,  M  that  although  the  force  of  the  heart b 
au  intermittent  one,  the  flow  through  the  capillaries  and  the  veini 
beyond  is  a  constant  one,  all  trace  of  the  pulse  having  disap- 
peared. The  peripheral  resistance  which  keeps  up  the  blood* 
pressure  in  the  arteries,  and  like  the  clamp  on  our  India 
tube,  assists  in  the  conversion  of  the  intermittent  into  a  coal 
ous  stream,  is  to  be  found  in  the  arterioles  or  small  arteries,  just 
before  the  blood  passes  into  what  we  may  term  the  vast  capillary 
lake.  These  small  arteries  with  their  relative  excess  of  muscular 
tissue,  which  in  health  is  always  in  a  tonic  state  of  moderate 
contraction,  play  the  part  of  a  multitudinous  system  of  stop- 
cocks. 

The  large  arteries  contain  a  considerable  amount  of  muscular 
a*  well  as  elastic  tissue.  This  co-operates  with  the  elastic  tissue 
in  a  pting  the  calibre  of  the  vessels  to  the  quantity  of  blood 
the  contain.  For  the  amount  of  blood  in  the  vessels  is  never 
quifce  constant,  and  were  elastic  tissue  only  present,  the  pressure 
exercised  by  the  walls  of  the  containing  vessels  on  the  contained 
blood  would  be  sometimes  very  small,  ><  nut-times  too  great  Hm 
presence  of  a  contractile  element,  however,  provides  for  a  certain 
uniformity  in  the  amount  of  pressure  exercised.  There  is  ao 
reason  to  suppose  that  the  muscular  coat  assists  in  propelling 
the  onward  current  of  blood,  except  in  virtue  of  the  fa» 
muscular  tissue  is  elastic,  and  therefore  co-operates  in  the  large 
arteries  with  the  elastic  tissue  in  keeping  up  the  constant  r 
the  way  already  described. 
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The  contractility  of  the  arterial  walls  fulfils  a  useful   purpose 
in  checking  hemorrhage  should  a  small  vessel  be  cut  as  it  assists 
re  of  the  cut  end,  and   this  in  conjunction  with  the 
coagulation  of  the  blood  arrests  the  escape  of  blood. 
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The  Pulse. 

This  is  the  most  characteristic  feature  of  the  arterial  flow.  It 
is  a  wave  of  expansion  which  travels  along  the  arteries  due  to  the 
propulsion  of  the  contents  of  the  left  ventricle  into  the  already 
full  arterial  system.  The  more  distant  the  artery  from  the  heart, 
longer  is  the  interval  that  elapses  between  the  ventricular 
beat  and  the  arrival  of  the  pulse.  Thus  it  is  felt  in  the  carotid 
earlier  than  iu  the  radial  artery,  aud  it  is  still  later  in  the  dorsal 
artery  of  the  foot  The  difference  of  time  is,  however,  very 
slight ;  it  is  only  a  minute  fraction  of  a  second  ;  for  a  distinct  inn 
must  be  drawn  between  the  propagation  of  the  pulse  and  the  rate 
of  blood  flow  in  the  arteries  ;  the  wave  travels  at  the  rate  of  from 
5  to  10  metres  a  second,  that  is  twenty  or  thirty  times  the  rate 
of  the  blood  current.  The  pulse  may  bo  compared  to  a  wave 
produced  by  the  wind  travelling  rapidly  down  a  sluggishly-flowing 
river. 

A  physician  usually  feels  the  pulse  in  the  radial  artery,  since 
this  is  near  the  surface,  aud  supported  by  bone.  It  is  a  most 
valuable  indication  oF  the  condition  of  the  patient's  heart  and 
ressels.  It  is  necessary  in  feeling  a  pulse  to  note  the  following 
points  : — 

1.  Its  frequency ;  that  is  the  number  of  pulse  beats  per  minute. 

This  gives  the  rate  of  the  heart  beats. 

2.  Its  lenyth  ;  that  is  how  long  a  time  each  pulse-beat  occupies. 

3.  It*  strength;  whether  it  is  a  strong   bounding  pulse,  or  a 

feeble  beat ;  this  indicates  the  force  with  which  the  heart 
is  beatiug. 

4.  Its  regularity  or  irregularity  ;  irregularity  may  occur  owing 

to  irregular  cardiac  action  either  in  force  or  in  rhythm. 

5.  Its  tension  ;  that  is  the  force  necessary  to  obliterate  it.   This 

gives  an   indication  of  the  state  of  the  arterial  walls  aud 
the  peripheral  resistaii 

In  disease  there  are  certain  variations  in  the  pulse,  of  which  we 
shall  mention  only  two;  namely,  the  intermittent  pulse,  due  to  the 
heart  missing  a  b<  J  now  and  then  ;  and  the  witer  hammer 

ise,  due  either  to  aortic  regurgitation  or  to  a  loss  of  elasticity 


Fig.  ?n4—  Diagram  of  the  lever  of  the  Sphygmogmph. 

lead  to  rupture  of  the  walls,  and  this  is  especially  serious  if  it 
occurs  in  the  arteries  of  the  brain  (one  cause  of  apoplexy). 

In  order  to  study  the  pulse  more  fully,  it  is  necessary  to  obtain 
a  graphic  record  of  the  pulse-beat,  and  this  is  accomplished  lir 
the   use  of    an  instrument  called    the    sphygmograpb 
Instrument  consists  of  a  series  of  levers,  at  one  end  of  which  ia* 
button  placed  over  the  artery;  the  other   end   i*   pr<>vnh?d  wM 
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i  writing  point  to  inscribe  tho  magnified   record  of  the  arterial 
noYement  on  a  travelling  surface. 

Tbe  instruments  most  frequently  used  are  those  of  Marey,  one 


Dudgvon'*  yphy^moKnipH.  The  dotted  outline  reprenent*  the  piece  of  blackened 
paper  on  which  the  fpbygmogmm  u  written. 

pressure  can  be  adjusted  so  as  to  obtain  the  best  record.  The 
measurement  of  the  pressure  is,  however,  rough)  ami  both  instru- 
ments have  the  disadvantage  of  giving  oscillations  of  their  own 
to  the  sphygniogram  ;  this  is  specially  noticeable  in  hud^eon's 
sphygmograph.  But  these  defects  may  be  overcome  by  the  use 
of  some  form  of  sphygmometer.    (See  later,  p.  2 88,) 


Fig.  157.— DitfntmofpBJ«e-tnuMn^  a,  up- 
stroke ;  b,  down-stroke ;  c.ptv 
ware ;  r>,  dicrotic ;  s,  post-dicrotic  wave. 
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Fig.  257  represent*  a  typical  sphygmographie  tracing  obtained 
from  the  radial  artery.  It  consists  of  an  upstroke  due  to  tbf 
expansion  of  the  artery,  and  a  downstroke  clue  to  it*  rttn*. 
tion.  The  descent  is  more  gradual  than  the  upstroke,  beam 
the  elastic  recoil  acts  more  constantly  and  steadily  than  tl* 
heart-beat.  On  the  descent  are  several  secondary  (kataaouef 
elevations. 

A  is  the  primary,  or  percussion  fft  if  the  pre-Jio 

wave  ;  D  is  the  di<rotic  wave,  and  E  the  j>  Ife  tot*, 

and  of  these  there  may  be  several.  In  some  cases  tber*  ii  * 
secondary  wave  on  the  upstroke,  which  is  called  an  mam** 
wave  (fig.  258). 

These  various  secondary  waves  have  received  different  infer      1 
[►rotations,  but  the  best  way  of  explaining  them  U  derived  from 

information   obtained  by  tik 

simultaneous  tracings  of  | 
the  pulse,  aortic  pressmt, 
apex  beat,  and  intraventricaW 
pivHBure,  as  in  the  researches 
of  Hiirthle.  By  this  mean* 
it  is  found  that  the  primary 
and  prc-d  waves  occur 

during  the  systole  of  the 
heart,  and  the  other  wtra 
during  the  diastole.  The 
closure  of  the  aortic  valres 
occurs  just  before  thel 
wave.  The  secondary  waves,  other  than  the  dicrotic  wave,  are 
due  to  the  elastic  tension  of  the  arteries,  and  are  increased  in 
number  when  the  tension  of  the  arteries  is  greatest ;  the  tauter 
an  elastic  substance  is,  the  more  does  it  tend  to  vibrate  under  the 
influence  of  any  fresh  force  suddenly  applied  to  it-  Some  of  th» 
post- dicrotic  waves  are  also  doubtless  instrumental  in  origin.  The 
dicrotic  wave  is  of  different  origin.  It  was  at  one  time  thought 
that  this  wave  was  reflected  from  the  periphery,  but  this  view 
is  at  once  excluded  by  the  fact  that  wherever  we  take  the  pulse* 
tracing,  whether  from  the  aorta,  carotid,  radial,  dorsalis  pedis,  or 
elsewhere,  this  secondary  elevation  is  always  situated  at  the  sun* 
distance  from  the  beginning  of  the  primary  elevation,  showing  tlu; 
it  is  centrifugal,  travelling  in  the  same  direction  as  the  primary 
wave,  and  having  its  origin  in  the  commencement  of  the  arterial 
system.  Moreover,  a  single  reflected  wave  from  the  periphery 
would  be  impossible,  as  the  waves  reflected  from  one  part  would 
be  interfered   with  by  those  from  other  parts;  and  a  reflected 
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wave  would  be  increased  by  high  peripheral  resistance,  and  not 
diminished  as  the  dicrotic  wav< 

The  primary  cause  of  the  dicrotic  wave  is  the  closure  of  the 
semilunar  valves;  the  inflow  of  the  blood  into  the  aorta  sud- 
denly ceases,  and  the  blood  is  driven  up  against  the  closed  aortic 
rs  by  the  elastic  recoil  of  the  aorta;  the  wave  rebounds  from 
there  and  is  propagated  through  the  arterial  system  as  the 
dicrotic  elevation. 

The  systolic  secondary  waves,  namely,  the  pre-dicrotic  and  the 


Hf.  238.— Anacrotic  pulae. 

t\r  when  it  is  present,  are  due  to  elastic  vibrations  of    the 
tie  wall  and   perhaps  of  the  heart  wall  itself;  they  are   in- 
creased by  an  increase  in  the  peripheral  resistance. 

In  our  study  of  endo-cardiac  pressure,  we  saw  that  the  systolic 
plateau  sometimes  has  an  ascending,  Bometimes  a  descending,  slope 
(seep   239);   we   now  come  to  the  explanation  of  this   fact.      If 


Fig,  2  w.— Dicrotic  pulse, 

fter  the  first  sudden  rise  of  pressure  in  the  aorta  the  peripheral 

sistance  is  low  and  the  blood  can  escape  more  rapidly  than  it  is 

irown   in,   the  plateau   will  sink.      If,  on  the  other  hand,  the 

eripheral  resistance  is  high,  the  aortic  pressure  will  rise  as  long 

the  blood  is  flowing  in,   and   we  get  an    ascending  systolic 

iteau  and  an  anacrotic  pulse.     Thus  an  anacrotic  pulse  is  seen 

Bright'a  disease,  where  the  peripheral  resistance  is  xeiy  high. 

The  production  of  the  dicrotic  wave  is  favoured   by  relaxation 

the  Arteriole!  when  the  heart  is  beating  forcibly  as  in  fever, 

ml    to  a   certain   extent  after  taking  alcohol     Such  a  pulse  is 

called  a  dicrotic  pulse  (fig,  259),  and   the  second  beat  can   be 

easily  felt  by  the  finger  on  the  radial  artery. 

The  main  waves  of  a  pulse  tracing  can  be  demonstrated  with- 
out the  use  of  any  instruments  at  all  by  allowing  the  blood  to 


THE  criCCTATIox  IV  THR  BLOOI 


spurt  from  a  eat  artery  on  to  the   surface  of  a  piece  of  whit* 
piper  travelling   past   if  'has    obtain  what  is  very  ipjirr 

priately  called  a  ktmm  aafayni/*  (fig.  260). 

If  a  long  puke-tracing  is  taken,  the  effect 
of  the  respiration  can  be  seen  causing  an  in* 
crease  of  pressure,  and  a  slight  acceleration  of 
the  heart's  beats  during  inspiration.  This  wv 
shall  study  at  greater  length  in  oonneetan 
with  blood-pressure. 

The  Rate  of  Propagation  of  the  Pml*~War*.—Trx 
method  of  ascertaining   this    may    be  illustrated  fct 
the  use  of  a  long  elastic  tube  into  which  fluid  is  faced 
by  the  sudden  stroke  of  a  pomp.     If  a  series  of  kfm 
i      y     are  placed  along  the  tube  at  measured  distances  thm 
Jf     v      nearest  the  pump  will  rise  first,  those  farthest  f 
|^v    J     last     If  these  are  arranged  to  write  on  a  retolrj^ 
cylinder  under  one  another,  this  will  be  shown  graphi- 
cally, and  the  time  interval  between  their  moftmrati 
can  be  measured  by  a  time  tracing.    The  same  principle 
is  applied   to   the  arteries    of    the   body ;  a  series  at 
Marey's  tambours  are  applied   to    the  heart  and  to 
various  arteries  at  known   distances  from  the  faeutr 
then  levers  are  arranged  to  write  immediately  cadg 
one  another,  as  in  fig.  234.     The  difference  in  the  tine 
p-strokes  is  measured  by  a  time  traring  in  the  usual  way. 


The  Capillary  Plow. 

Ian  the  capillary  circulation  is  examined  in  any  transj 
of  a  living  animal    by  mean*  of  the   microscope  (fig. 

the  blood  is  seen  to  flow  with  1 
constant  t .'({liable  motion ;  tbe  red 
blood-corpuscles  move  along,  mostly 
in  single  file,  and  bend  in  various 
ways  to  accommodate  themselves 
to  the  tortuous  course  of  the  ca- 
pillary, but  instantly  recover  their 
normal  outline  on  reaching  a  wider 
vecooL 

At    the     circumference    of    the 
Btrearn  in  the  larger  capillaries,  but 
1  ally  well   marked   in  the  small 
arteries  and  veins,  there  is  a  layei 
of   liquor  sanguinis  in  contact  with 
the   walls  of  the  vessel,  and  adher- 
bo    them,  which    moves  more  slowly  than    the    blood  in  tbe 
centre.     Tbe   existence  of    this  still  layer,  as   it   is  ten 


Pig".  261.—  Capillori 
of  tho  froir'M  __ 
■mall  uterf  (A)   with 
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frog'i  foot  eoiUHMtuLir  I 
>ry  (A)  with  a  amid] 
(After  Alloa  Tlionown, , 
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iTerJ  \ha\i  from  the  general  fact  that  such  an  one  exists  in 
all  tubes  traversed  by  fluid,  and  from  what  can  be  seen  in  watch 
ing  the  movements  of  the  blood-corpuscles.  Anyone  who  I 
rowed  on  a  river  will  know  that  the  swiftest  current  is  in  the 
middle  of  the  stream.  The  red  corpuscles  occupy  the  middle  of 
im  and  move  with  comparative  rapidity ;  the  colourless 
corpuscles  run  much  more  slowly  by  the  walls  of  the  vessel;  while 
next  to  the  wall  there  is  a  transparent  space  in  which  the  fluid 
is  at  comparative  rest ;  for  if  any  of  the  corpuscles  happen  to  be 
forced  within  it,  they  move  more  slowly  than  before,  rolling  lazily 
along  the  side  of  the  vessel,  and  often  adhering  to  its  wall.  Part 
Of  this  slow  movement  of  the  colourless  corpuscles  and  their  occa- 
sional stoppage  may  be  due  to  their  having  a  natural  tendency  to 
adhere  to  the  walls  of  the  vessels.  Sometimes,  indeed,  when  the 
motion  of  the  blood  is  not  strong,  many  of  the  white  corpuscles 
collect  in  a  capillary  vessel  and  for  a  time  en ti rely  prevent  the 
passage  of  the  red  corpuscles. 

When  the  peripheral  resistance  is  greatly  diminished  by  the 
dilatation  of  the  small  arteries,  so  much  blood  passes  on 
from  the  arteries  into  the  capillaries  at  each  stroke  of  the 
heart,  that  there  is  not  sufficient  remaining  to  tin-  arteries  to 
distend  them.  Thus,  the  intermittent  current  of  the  ventricular 
systole  is  not  converted  into  a  continuous  stream  by  the  elasticity 
of  the  arteries  before  the  capillaries  are  reached  ;  and  so  intermit- 
oi  the  Bon  '"''ins  both  in  capillaries  and  veins  and  a  pulse 
is  produced.  The  same  phenomenon  may  occur  when  tin-  orl 
become  rigid  from  disease,  and  when  the  beat  of  the  heart  is  so 
alow  or  so  feeble  that  the  blood  at  each  cardiac  systole  has  time 
to  pass  on  to  the  capillaries  before  the  next  struke  occurs  ;  the 
amount  of  blood  sent  out  at  each  stroke  being  insufficient  to 
properly  distend  the  elastic  arteries. 

It  was  formerly  supposed  that  the  occurrence  of  any  transuda- 
tion from  the  interior  of  the  capillaries  into  the  midst  of  the 
surrounding  tissues  was  confined,  in  the  absence  of  injury,  strictly 
Id  the  fluid  part  of  the  Wood ;  in  other  words,  that  the  corpuscles 
could  not  escape  from  the  circulating  stream,  unless  the  wall  of 
the  containing  blood-vessel  was  ruptured.  Augustus  Waller 
affirmed,  in  1846,  that  he  had  seen  blo<*i  corpuscles,  both  red 
and  white,  pass  bodily  through  the  wall  of  the  capillary  vessel  in 
which  they  wew  contained  (thus  confirming  what  had  been  stated 
a  short  time  previously  I  \  Allien  >;  md  that,  as  no  Offering 
could  be  seen  before  their  escape,  so  none  could  be  observed  after- 
wards— so  rapidly  was  the  part  healed,  But  these  observations 
did  not  attract  much  notice  until  the  phenomena  of  escape  of  the 
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Mood-corpuscles  from  the  capillaries  and  minute  veins,  apar 
ere  redisoorered  by  Cohnheiui  in  i 
Cohnhetm's  experiment,  demonstrating  the  passage  of  the  cor- 
puscles through  the  wall  of  the  blood-vessel,  is  performed  in  tht 
following  mjmiw ;  A  frog  is  curarizedf  and  the  abdomen  \iattlz 
been  opened  a  portion  of  small  intestine   is  drawn  out,  and  \U 
transparent  mesentery  spread  out  under  a  microscope.     After 1 
variable  time,  occupied  by  dilatation,  following  contraction  of  ita 
minute  vessels  and  accompanying  quickening 
of  the  bloodstream,  there  ensues  a  retarda- 
tion of   the  current,    and    blood-oorpuictei, 
both  red  and  white,  begin  to  make  their  w 
through  the  capillaries  and  small  xelm. 

The  process  of  diapedesis  of  the  ml  m 
puscles,  which  occurs  under  circumstances  of 
impeded  venous  circulation,  and  consequently 
increased  hU km!  pressure,  resembles  closely 
the  migration  of  the  white  ones,  with  tbs 
loo  that  they  are  squeezed  through  the 
wall  of  the  vessel,  and  do  not,  like  them,  wwk 
their  way  through  by  amueboid  move 

Yarn  his  explanations 
have   been   suggested.  belie**  that 

paeudo  stumata  between  contiguous  endotfe 
lial  cell*  provide  the  menus  of  escape  for  the 

U \  corpuscles.     But  the  chief  share  in  the 

process  is  mid   in    the  vital 

meats  with  respect  to  mobility  and  - 
tiou   of   the   parts   concerned — both  of  the 
corpuscles  and  of  the  capillary  wall  H 

Diapedesis  or  emigration  of  the  white  cor- 
puscles  occurs  to  a  small  extent  in  health, 
But  it  is  much  increased  in  inflamm 
and  may  go  on  so  as  to  form  a  large  collection  of  leucocyt 
white  corpuscles)  outside  the  vessels.  Such  a  collection  is  called 
an  o&MMfji  and  the  corpuscles  are  called  pus  corpuscles;  they  arc, 
howe\  \  dead  Leucocytes,  and  show  a  considerable  amount 

of  fatty  dftgenetm&iOQ  in  their  protoplasm. 

The  em  ignition  of  red  corpuscles  is  only  seen  in  i  nil  am  ma  turn 
and  is  a  passive  process;  it  occurs  when  the  holes  made  by  the 
eiftigXftting  leucocytes  do  not  close  up  immediately  and  so  the  red 
enrpusrles  escape  too. 

Th.'  real  meaning  of  the  process  of  inflammation  is  a  subject 
which  is  being  much  discussed  now,  but  it  nnj  be  interesting  to 


Tig,  s6».— A  Urge  capil- 
lary from  the  frog's 
KuwouU'Ty  right  hours 
after  irritation  hod 
been  set  up,  1110111119 
emigration  of  leuco- 
cyte*, a,  Cells  in  the 
act  of  traversing  the 
capillary  wsJl ;  bt  some 
uir'M'ly  wonped, 
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State  1  ruth  the  views  of  MctschnikofT,  who  has  in  recent  years 
Wen  one  of  the  most  prominent  InTeatigitors  of  the  subject 
Evco  if  these  views  do  not  represent  tin  whole  truth,  it  can 
hardly  be  doubted  that  the  phenomena  described  play  ■  very 
important  part  in  the  process.  Metschuikoft"  teaches  that  the 
vascular  phenomena  of  Inflammation  have  for  their  object  an 
in  en  use  in  the  emigration  of  leucocytes,  which  have  the  power  of 
1  ring  the  irritant  substance,  and  removing  the  tissues  killed 
by  the  lesion.     They  are  therefore  called  y^  devouring 

or  scavenging  corpuscles).  It  may  be  that  the  micrdbio  influence, 
or  the  influence  of  the  chemical  poisons  they  produce,  is  too 
powerful  for  the  Leucocytes;  thru  they  are  destroyed  and  the 

dead  li  -  become  pus  corpuscles  :   but  if  the  leucocytes  are 

successful  in  destroying  the  foreign  body,  micro-organisms,  and 
disintegrated  tissues,  they  disappear,  Wandering  back  to  the 
bhxNl  vessels,   and   the   l>  ie   is  replaced  by  a  regeneration 

of  the  surrounding  tissues. 

The  circulation  through  the  capillaries  must,  of  necessity,  be 
largely  influenced  bj  thai  which  occurs  in  the  vessels  on  either 
side  of  them  in  the  arteries  or  the  peine ;  their  intermediate 
position  causes  them  to  feel  at  once  any  alteration  in  the  size, 
rate,  or  pressure  of  the  arterial  or  venous  blood-stream.  Tims,  the 
apparent  contraction  of  the  capillaries,  on  the  application  of  certain 
Irritating substances,  and  during  fear,  and  their  dilatation  in  blush- 
iui:,  may  be  referred  primarily  to  the  action  of  the  small  ai  1 


mg, 
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The  blood-current  in  the  veins  is  maintained  (a)  primarily  by 

the  vis  "  toyo,  that  is,  the  force  behind,  which  is  the  blood 
pressure  transmitted  from  the  heart  and  arteries;  but  w 
effectual  assistance  to  the  flow  is  afforded  (b)  by  the  action  of  tin- 
muscles  capable  of  pressing  on  the  veins  with  valves,  as  well  as 
(c)  by  the  suction  action  of  the  heart,  and  the  sspiratury  action 
of  the  thorax  (riv  afronU). 

The  effect  of  muscular  pressure  upon  the  circulation  may  be 
thus  explained.  When  pressure  is  applied  to  any  part  of  a  vein 
and  the  current  of  blood  in  it  is  obstructed,  the  portion  behind 
the  seat  of  pressure  becomes  swollen  ami  distended  as  far  back 
as  the  next  pair  of  valves,  which  are  in  consequence  closed. 
Thus,  whatever  force  is  exercised  by  the  pressure  of  the  muscles 
on  the  veins,  is  distributed  partly  in  pressing  the  blood  Onwards 
in  the  proper  course  of  the  circulation,  and  partly  in  pressing  it 
ackwardfl  and  closing  the  valves  behind. 
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The  circulation  might  lose  as  much  as  it   gains  by  BU 
action,  if  it  were  not  for  the  numerous  coniinuniciK 
the  veins  make  with  one  another;  through   these,  the  dot 
of    the  venous  channel   by   the  backward   pressure  is  presented 
froni  being  any  serious   hindrance   (O   the  circulation,   since  the 
blood,   of   which   the   onward  course   is  arrested    by  the  closed 
s,  can  at  once  pas*  through  Bome  anastomosing  channel,  ami 
proceed  on  its  way  by  another  vein.     Thus,  the  effect  of  m 
pressure  upon  veins  which  have  valves,  is  turned  almost  i 
to  the  advantage  of  the  aire  illation ;  the  pressure  of  th 
onwards  is  all  advantageous,  and  the  pressure  of  the  blood  back- 
wards is  prevented  from  being  a  hindrance  by  the   closure 
valves  and  the  anastomose*  of  the  veins. 

In  the  web  of  the  bat'a  wing,  the  veins  are  furnished  with 
valves,  and  possess  the  remarkable  property  of 

and!  dilatation,  whereby  the  current  of  blood 
them  is  distinctly  accelerated  (Wharton  Jones).  The  con 
occurs,  on  an  average,  about  ten  times  inn  minute  ;  the  e 
of  valves  prevents  regurgitation,  so  the  entire  effect  of  I 
tractions  is  auxiliary  to  the  on  wan  i  current  of  blood.  Analogous 
phenomena  have  been  observed  in  other  annuals. 

A  venous  pulse  is  observed  under  the  conditions   pro 
described  (p.    267)  when  the  arterioles  are  dilated   so   that  tto 
arterial  pulse  passes  through  the  capillaries  to  I  he  veins. 

A  venous  puke  is  also  seen  in  the  superior  and  inferior  vent 
Cava  near  to  their  entrance  into  the  heart ;  this  correspond*  to 
variations  of  the  pressure  in  the  right  auricle.  When  the 
ventricle  is  contracting  there  is  a  slow  rise  due  to  the  fact  that 
the  blood  Cannot  get  into  the  ventricle  and  so  distends  the 
auricle  ;  a  second  short  sharp  elevation  of  pressure  Is  produced  by 
the  auricular  systole.  Alterations  of  venous  pressure  are  ala> 
produced  in  the  great  veins  by  the  respiratory  movements,  the 
pressure  sinking  during  inspiration,  and  rising  during  expiration. 

Local  Peculiarities  of  the  Circulation. 

The  most  remarkable  peculiarities  attending  the  circular 
blood  through  different  organs  an    observed   in   the   cases 
t> r\ it w ,  i-rtvf ih  1 1 1 ■</<( ns\  I u fly*,  fir- 

/»  tht  Brain, — The  brain  must  always  be  supplied  with  blood* 
for    otherwise    immediate    loss    of    conscious  add    follow, 

Hence,   to  render  accidental  obliteration  almost  inipossH 
large  arteries   are   supplied  to   the  brain,  and    those  BJUstaMM 
together  in  the  circle  of  Willis,     The  two  vertebral  attea 
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i  in  bony  canals.  Two  of  the  brain  arteries 
can  Ih?  tied  10  monkeys,  and  three  or  even  all  four  in  dogs 
Without  the  production  of  serious  symptoms,      In  the  last 

mgh  blood  readies  the  brain  by  branches  from  the  superior 

interooBi  rise  to  the  anterior  spinal  artery.     The  sudden 

obliteration  of  one  carotid  artery   in   man  may  in   some  coast 

lun    epileptiform    spasms j  the    sudden    occlusion    of    both 

usiona  loss  of  consciousness.     Uniformity  of  supply  in  further 

enaurcd  by  the  arrangement  of  tin    riWBfllll  in   the  pia  mater,  in 
Srhioh,    previous   to    their  distribution    to    the   SUbatanee    oi  the 
in,  the   large  arteries   break   up  and  divide   into  innumerable 
till  note    bra  uding    in    capillaries,    which,    after    frequent 

communication  with  Que  another,  enter  the  brain  and  carry  into 
v   part  of  it  uniform  and   equable  streams  of  blood. 
The  arteries  are  enveloped   in  a  special    lymphatic  sheath.     The 
augernent  of   the   veins   within   the  cranium  is  also  peculiar. 
The  large  venous  trunks  or  sinuses  are  formed  so  as  to  be  scarcely 
apable  of  change  of  size ;  and  composed,  as  they  are,   of   the 
tissue  of  tin'  diva  mater,  and,  in  BOOM  instances,  bounded 
side   by  the  boUJ  cranium,  tie  mpressible   I  \ 

any  force  which  the  fulness  of  the  arteries  might  exercise  through 

the  substance  of  the  brain ;  nor  do  they  admit  of  distension  when 

the  rlow  m|  venous  blond  from  the  brain  is  obstructed.      No  v  > 
are   placed    between  the  vertebral  veins  and  the  vena  cava  ;   the 
vertebral  veins  anastomose  with   tf  Hence  on 

teecing  thti  thorax  and  abdomen,  venous  blood  can  be  pressed 
from  tho&e  parts  out  of  any  npfflrmg  made  into  the  longitudinal 
sinus.      Mxpiration  acts  in  the  same   way  ;   it   raises  the  cerebral 

QOUfl  pressure  ;   if  the  skull  wall   is  detective  the  brain  expands 

owing  to  tfaedrwtenejog  of  its  capillaries  during  tin  sKpumtotj  act. 

The   exposed   brain   also  expands  with  eaeh  systole  of   the  heart. 

Owing  to  the    fact  thai    the  brain   lies  enclosed    in    the    cranium, 

the  arterial    pulse  is  transmitted    through  the  brain  substance   to 

the  cerebral  veins  and  so  the  blond  hB*U£C  from  these  m  p' 

0  the  brain  is  enclosed  in  the  rigid  cranium  the  volume  of 

blood   in  the  cerebral  vessels  cannot  alter  unless  the  volume  of 

she  other  cranial  contents  alter  in  the  Opposite  K 

These  conditions  of  the  brain  and  skull  led  Monro  and  Kellie 
any  years  ago  to  advance  the  opinion  that  the  quantity  of  blood 

in    the    brain   must  be  the  same  at  all  times.      This  doctrine  has 

ii  frequently  disputed,  and  many  have  advanced  the  theory 

that  increase  or  diminution  of  the  blood  is  accompanied  with 
simultaneous  diminution  or  increase  of  the  cerebrospinal  fluid, 
so  that  the  contents  of  the  cranium  arc  kept  uniform  in  volume. 
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work  of  Leonard  Hill*  has  shown  that  the  M*mro> 
Kellie  dootritu  ace  has  recent  I 

tied  *>i  th  nerve  plexuses  round 

The   arteries   are   muscular,   and   the    nerves    therefore  are  ton* 

lv  raso-motor  hi  function.      Experimental  evidence  so  br, 

hai   not   established    the   actum    of    these   nerve*;  the 

cerebral  circulation   passively   IbUowfl    the    >li_i  it  toga  in 

aortic  and,  more   especially,  vena  cava  pressure,   and  no  active 

-motor  change  lively  proved-     The 

of  blood-flow  through   the  bruin  is  thus  influenced   markedly  hv 
the  condition  of  th  f-lun  hnie  area.     If  the  tone 

of  the  skeletal   muscles  and  that  of    the    \  Meat) 

inhibited  by  fear,  or  temporarily  destroyed    by  shock,  tb 
will   drop  owing  to  its  weight  into  the    dilated   and    supported 
rooselti  11  j  the  most  dependent  parts  of  the  body.     The  flow  of 
blood  through  the  brain  will,  under  these  conditions,  oau 
is  to  say,  so  long  as  the  body  is  in  the  erect  posture.      J 
restore  a  fainting  person  the  head  must  be  lowered  betWOJB  KtM 
knees.     Muscular  exercise,  by  returning  blood  to  the  beast  baa 
bite  veins  of  the  lower  parte  of  the  body,  oonduoee  to  '1 

bepanOB  of  an  efficient  cerebral  circulation. 

it  ia  not  the  volume  of    the  blood  but  the   velocity  oi 
which  is  altered  in  the  brain  by  changes  in   the  general  circu- 
lation.     The  brain  with  its  circulating  blood  almost  entirely  fills 
the  cranial  cavity  in  the  living  animal  ;  that  is,  there  is  no  men? 
cewfero-sjuiKil  Hind  then   than  is  sufficient  to  moisten  the  mem 
branea.      tYrehro-spiiml    fluid    escapes    into    the    veins    at   any 
p  res  sure  above  the  cerebral  venous  pressure  ;  the  tension 
fluid  and  the  pressure  in  the  veins  are  therefore  always  the  same 
The  fluid  probably  transudes   fn>m   the  vascular  fringes  of  ibe 
choroid  plexuses  in  the  ventricles  of  the  brain,  and  is  al 
the  pia!   veins.      There  is  not  enough   of   this    absort  table   Huid 
present  to  allow  of  more  than  a  slight  increase   of   the  f 
of  blood  in  the  brain.      If  the  aortic  pressure  rises  and  the  TOM 
cava  pressure  remains  constant  the  conditions  in  the  brain 
follows : — 

More  blood  in  the  arteries,  less  in  the  veins,  increased  velecitv 
of  Bow, 

While  if  the  aortic  pressure  remains  constant  and  the  vena  cava 
re  rises,  the  eruditions  are: — 

Less    blood    in    the    arteries,   more    in    the    veins,    diminished 
velocity  of  flow. 

•  1  am  much  indebted  to  Mr.  Hill  fov  assistance  in  the  preparation  <tl 
on  the  cerebral  cvrcutavvm. 
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r    brain    presses  against   the  cranial    wall    with   I    pr- 
tO  that   in  tli  <\  oapj Maries,      A  foreign  body  ititm- 

within  the  eraniun  ,  such  m  i  blood-olot  or  depfoioed  bona, 
>cal  ;iti;rini:i  of  the  brain,  by occupy ing  the  room  of  the 

K,    -  s  the  capillaries  are  thus  obliterated  the  pressure  ii 

to  arterial  pressure.  This  local  Increase  oi  eeretaa]  tension 
tinot  be  transmitted  by  tin"  em  bio  spinal  fluid,  because  Hue 
lid  cau  never  be  retained  m  the  meningeal  i  tension 

gher   than    that   of   the   cerebral   veins,   but    is    immediately 
-absorbed.      The    anatomical    arrangements    of    the    tentorium 
Hi   and   the    falciform    ligaments    are  such   as   to    largely 
at    the  transmission  through  the  brain-substance  of  a  local 
crease  of  pressure.     There  is  complete   pressure  discontinuity 
tnial  and  vertebral  cavities.     The  Bdrioua  results 

mt  follow  cerebral  compression  are  prim  u  1 1  \   due  to  Obliteration 

the  blood  punt  an  the  brain.     \  fety 

nail  foreign  body  will,  if  situated  in  the  region  of  the  spinal 
the  gravest  symptoms*  Fur  the  centres  which 
introl  the  vascular  and  respiratory  systems  ate  rendered  amende 
i'l'i.y,  Tin*  cerebral  hemispheres  may.  on  the  other  hand,  be 
mpr<  rent  without  causing  i  fatal  result.     The 

Ifcjor  symptoms  of  compression  an-e -so  soon  as  any  local  incr 

smitted  to  the  spinal  bulb  and  causes  amemia 
here. 

In  1  r>  ucturts. — The  instances  of  greatest  variation  in 

be  quantity  of   blood   contained,  at  different  tines,  in  tie    sauc 

found    in  certain  structures  which,  under  ordinary 

ircuii.  are  soft  and  flaccid, but,  at  certain  times,  receive  an 

lally  large  quantity  of  blood,  become  distended  and  swollen 

aid  dom  into  tip  •  hich  has  been  termed  ewctio*. 

uch  structures  are  t lie  corpora  carerttom  and  coc/*//.«  xyxj/if/j 

r    the   penis  in  the  male,  and  the  HUorU  in  the  female;  and,  to 

teas  degree,  the  nipple  of  the  mammary  gland  in  both  sexes. 
he  corpus  eaveraosurn  penis,  which  is  the  betl  example  of  an 
nectile  structure,  has  an  external  fibrous  membrane  or  sheath  ; 
nd  from  the  inner  surface  of  the  latter  are  prolonged  numerous 
ne  lamellar  which  divide  its  cavity  into  small  compartments. 
Fithiu  these  is  situated  the  plexus  of  veins  upon  which  the 
eculiar  erectile  property  of   the  organ   mainh  1 1   coii- 

Stl  "f  short  veins  which    ?erj  closely    interlace  and  snastOfOOSS 
ith   each  other  in   all    directions,  and    adinil  of  great  Variations 
collapsing  in  the  passive  state  of  tin   organ,  but  capable  of 
umt  of  dilatation  which  exceeds  beyond  comparison  that  of 
tie  arteries  and  veins  which  convey  the  blood  to  and  from  them. 

K  P  \ 
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Th»«  strong  fibrous  tissue  lying  in  the  intervals  of  the  vew 
plexus*,  and  the  external  fibrous  membraue  or  sheath  withwt 
it  is  ronnectcd.  limit  the  distension  of  the  vessels,  and  during 
state  of  erection,  give  to  the  penis  its  condition  of  tension  i 
Hninir-^.  The  same  general  condition  of  vessels  cxwte  in 
eorpu*  >pom;iosum  urethne,  but  around  the  urethra  the  6b 
ti*-uc  i>  much  weaker  than  around  the  body  of  the  penis, 
around  the  glans  there  is  none.  The  venous  blood  is  retui 
from  the  plexuses  by  comparatively  small  veins.  Fur  all  t 
veins  one  condition  is  the  same  ;  namely,  that  they  are  liabi 
the  pressure  of  muscles  when  they  leave  the  penis.  The  mu 
chiefly  concerned  in  this  action  are  the  erector  penis  and  accele 
uriiue.  Krection  results  from  the  distension  of  the  venous  plei 
with  blood.  The  principal  exciting  cause  in  the  erection  oi 
penis  is  nervous  irritation,  originating  in  the  part  itself,  andde: 
reflex ly  from  the  brain  and  spinal  cord.  The  nervous  infli 
is  communicated  to  the  penis  by  the  pudic  nerves,  which  n 
in  its  vascular  tissue  :  and  after  their  division  the  penis  i 
longer  capable  of  erection. 

Krection  is  not  complete,  nor  maintained  for  any  time  « 
when,  together  with  the  influx  of  blood,  the  muscles  nienti 
contract,  and  by  compressing  the  veins,  stop  the  efflux  of  b 
or  prevent  it  from  l>eing  as  great  as  the  influx. 

77//-  circuhttiini  in  t/ir  Lhh*/*,  Liner,  S jiff  en  ami  Kidnry*  m, 
described  in  our  study  of  those  orpins. 

Blood-pressure. 

The  circulation  of  the  blood  depends  on  the  cxistcun 
difl'crent.  degrees  of  pressure  in  different  parts  of  the  circula 


Fiir.  .<  ;.— Height  of  Mood -pressure  {biO  in  i.v,  left  ventricle,    a,  arteries :  c,  capflki 
\ ,  veins ;  ha,  right  auricle ;  <><>,  line  of  no  pressure.     (After  Storing.} 

system  ;  there  is  a  diminution  of  pressure  from  the  heart  onwa 
through  arteries,  capillaries,  and  veins,  back  to  the  heart  agair 
Kig.    263    represents  roughly  the  fall  of    pressure  along 
svstemic  vascular  system. 
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It  Calls  slowly  in  the  greal  arteries;  at  the  end  of  the  arterial 
ratexn  it  fills  suddenly  and  extensively  just  beyond  tin1  resistance 
arteriole  gradually  through  the  capillaries 

id  veins  till  m  the  large  feint  near  the  heart  it  is  negative, 
uch  a  diagram  of  blood-pressure  is  thus  very  different  from  one 
velocity;  the  velocity  tike  the  pressure  falls  from  the  art 
the  capillaries,  but  unlike  it,  rises  again  in  the  veins. 
Vte  must  now  study  the  methods  by  which   Mink! -pressure  is 
red  and  recorded,  and  the  main  causes  that  produce  varia- 
3ns  in  its  amount. 

In  order  to  do  this  in  t Iil-  simplest  ^ny,  it  will  be  brat  ne 
iry   to  inquire  bon    ire  may  measure  pressure  in  an  artificial 
•ln'itm  of  the  circulation, 

n 


Fig.  it'4.—  Schema  to  illustrate  blood -pitwun*. 

Take   the   simplest    possible   case    of   a   fluid    flowing    from    a 
voir,  U   (fig.  264),  along   a   tube,    which    ire   will   imagine  is 

n  at  the  other  end 

hi  the  course  of  the  tube  we  will  suppose  three  upright  glass 
tubes  (A,  ISr  and  I))  are  inserted  at  equal  distances.     Between 

R  and  D  there  is  a  bladder,  which  may  be  divided  into  a  number 

of  channels  by  packing  it  with  tow  to  represent  the  capillaries,  and 

ween  H  and  C,  a  clip  KT  which  can  be  tightened  or  loosened  at 

will,  and   which   will   roughly  represent  the  peripheral  resistance 

luoed  by  the  constricted  arterioles.    The  far  end  of  the  tube  is 

provided    with  a  stop-cock.      If  this  stopcock  is  closed  then-  will 

naturally  be  no  How  nf  fluid,  and  the  fluid  will  rise  to  equal  heights 

indicated  by  the  dotted  line  in  all  the  upright  tubes.     This  shows 

I  I 
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that  the  pre-*:  ire  in  all  parts  of  the  tube  is  the  same.  The  upright 
tiU  «■  'a\i'j:u  measure  the  lateral  pressure  exerted  by  the  fluid  on  the 
•*ail  of  thv  main  fit*/  an:*  called  Manometer*  or  jirtssurt  mtamm. 
The  lar.er.d  pr.-sure  of  a  fluid  is  equal  to  the  forward  pressure. 

If  no**  the  *top-cock  is  opened,  the  fluid  flows  on  account  of 
the  'iitferen«>-  01  pressure  brought  a  lout  by  gravitation :  the 
height  of  th»_-  fluid  in  the  manometers  indicates  that  the  pressure 
i-  im-at^T  in  K.  le**  in  A.  less  still  in  B,  and  lea.st  of  all  in  D. 

On  account  of  tin-  peripheral  resistance  of  the  arterioles  and 
capillaries.  th«_-  pn.»ure  i*  very  small  in  tlie  veins  as  indicated  br 
the  height  of  the  fluid  in  the  manometer  I>.  The  difference 
lietwccii  I)  and  I>  is  much  more  marked  than  the  difference 
hetween  I>  and  A.  If  the  fluid  which  flows  out  of  the  end  of  the 
lube  is  collected  in  a  jug  and  poured  back  into  R  we  complete 
the  circulation.  Rut  the  schema  is  an  extremely  rough  one,  and 
is  especially  faulty  in  that  the  pressure  which  starts  at  R  is  nearlr 
constant  and  not  intermittent.  This  may  be  remedied  bv  taking 
U  in  the  hand,  and  raising  and  lowering  it  alternately.  The  rlnid 
in  the  manometers  bobs  up  and  down  with  every  rise  and  fall  of 
K:  this  is  least  marked  in  I).  The  greater  and  the  faster  the 
movement  of  R,  the  greater  is  the  rise  of  arterial  pressure.  This 
is  a  rough  illustration  of  the  fact  that  iucrease  in  the  force  and 
frequency  of  the  heart's  beat  causes  a  rise  of  arterial  pressure. 

Again,  if  more  fluid  is  poured  into  R,  there  is  a  corresponding 
rise  in  fluid  in  the  manometers.  This  illustrates  the  rise  of  procure 
produced  bv  an  increase  in  the  contents  of  the  vascular  svstem. 

And  this  schema,  rough  though  it  is,  also  serves  to  illustrate 
the  third  important  factor  in  the  maintenance  of  the  blood- 
pressure,  namely,  the  peripheral  resistance.  This  is  done  bx 
means  of  the  clip  K  ;  if  the  clip  is  tightened,  one  imitates  increased 
constriction  of  the  arterioles ;  if  it  is  loosened,  one  imitates  dilata- 
tion of  the  arterioles.  If  it  is  closed  entirely,  the  fluid  in  A  and 
B  rises  to  the  same  level  as  that  in  R;  the  pressure  of  R  is  not 
felt  at  all  by  ('  and  1>,  which  empty  themselves,  and  the  flow 
ceases.  If  the  clip  K  is  only  tightened  so  as  not  to  be  quite 
closed,  the  arterial  pressure  (in  A  and  B)  rises,  and  the  venous 
pressure  falls  :  if  the  clip  is  freely  opened,  the  arterial  pressure 
falls,  and  the  venous  pressure  rises. 

These  same  facts  can  be  demonstrated  by  a  more  perfect  circula- 
tion schema  such  as  is  represented  in  the  next  diagram  (fig.  26s). 
The  heart  ( II )  is  represented  by  a  Higgin  son's  syringe,  which  is 
worked  with  the  hind;  the  tube  from  it  represents  the  arterial 
system,  the  clip  K  the  resistance  of  the  arterioles;  C  is  the 
capillary  lake,  from  which  the  vein  (larger  than  the  artery)  leads 
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H.      A    and    B   are   two    manometers    which 
ctively  indicate  arterial  and  renoua  pre*    n  -     Only  i'1  plane 
jid  tubes,  mercurial  manometers  are  used,     Each  of  tl 
a    (J-tube   about   half  tilled   with    nuiviirv,  and   united   tO   the 

or  vein  by  •  Lube  containing  Buid.     if  the  mercury  m  the 

ro  limbs  of  the  U  i»  Jlt  the  same  level,  the  pfl  fcbe  fluid 

election  with  one  limb  is  exactly  equal  to  that  excited  by 

hirii:  plTMlurc  Oil    I  he  Other.      The  mercury,  h<>\\ 
lied   up  in  the  far  limit  of  the  manometer  connected  to  the 

the  pressure  then'  being  greater  than  that  of  the  aimo- 

i»Im  i.       t|jj>    is   therefore  railed   pOS&tt*    prsstwre,  and   the  total 

nut   of   pressure,  usually    measured    in   millimetres,  in  the 


:;: 
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inference  between  the  levels  a  mid  'f'.     The  manometer  It  attached 
the   vein,  however,  indicates  a  *e$at\  (fi  ft'),  that  is, 

ire  less  than  thai  of  ths  al sphere,  so  that  the  mercury 

the  limb  nearest  the  vein  is  sucked  Up. 
Anderson    Stuarts   tphygmotcopi   (fig,    266)    19    A    much    more 
complete  schema,     [t  consists  of  a  long  leaden  tube  Riled  with 

Bold,  the   two  ends  <>f   which   are   connected   hy   an    india-rubber 

nbe  ou   which  iaa  valved  syringe  to  represent   the  beari     On 
e  course  oi  the  tube  are  a   Large  number  of  open-mouthed 
lit  manometers  which  indicate  the  pressure  when  t lie  syringe 
rked,  and  confer  on  the  tube  the  elasticity  nce< 
the  disappearance  oi  the  puke  in  the  middle  region  which  represents 
The  long  leaden  tube  is  twisted  round  a  cylinder 
1  that  the  manometers  are  placed  oloeelj  side  bj  side. 
We  can  now  pass  00  to  the  method  d  in  the  fnfestoga- 

of  blood-pressure  in  animals. 
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r,*r » >*>i  «x*rt&  considerable  pressure  on  the  arterial 
»*..•  ;:^-v  >.•:  r-^ii.j  •&■/■-!-  by  puncturing  any  artery;  the  blood 
•  •  r  >.!.-r:  ■»-:?;  ^r^:  for**  through  the  opening,  and  the  jet  rises 
v  *  .:.-:*:.-/*.>  i.-r./uz  :  in  the  case  of  a  small  artery,  where  the 
i,r-.-  ..»■  !•  I  v-.-r.  :r,-  jvt  L»  not  «o  high  a-s  in  a  large  artery:  the 
/.  r>:;.  :^r4«;V>r  of  tr>.-  ^;trlnw  due  to  the  intennittent  action  oftbe 
},'■;»  r  ; -  a\ «/;  — :ii.  If  a  vein  i*  similarly  inj ured,  the  blood  is expelled 
*;Mi  rr.  .';i.  ]**-  fr-rce  and  the  flow  is  continuous,  not  intermittent. 
Tij'  firv.  to  ni,ik*.-  an  advance  on  this  very  rough  method  of 
d'-juoii-tratiic  bh/>i -pressure  was  the  Rev.  Stephen  Hales,  Vkar 


Vtulerwou  Stuart'*  Spliygmoscope. 


of  Teddington  (1727).  Ilo  inserted,  using  a  goose-quill  as  a 
cannula,  a  gla.ss  tube  at  right  angles  to  the  femoral  artery  of  & 
horse,  and  noted  the  height  to  which  the  blood  rose  in  it.  This 
is  a  method  like  that  which  we  used  in  the  first  schema  described 
^tig.  ?i*.\\  The  Mood  rose  to  the  height  of  about  8  feet,  and  having 
reached  its  highest  point,  it  oscillated  with  the  heart -beats,  and 
aUo  with  the  ropiration  ;  each  inspiration  causing  a  rise,  each 
eviMiMiiou  a  fas'.  of  pressure :  eaeli  cardiac  systole  causing  a 
mi. alter  rise,  ea*  h  diastole  a  smaller  fall.  The  method  taught 
Hales  ihcM%  primary  truths  in  connection  with  arterial  pressure, 
hut  it   possesses  nuu\  disadvantages  :  in  the  first  place  the  blood 
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tin    J.  fend   in    the   seoo&d   place, 

mm  of  liquid  eight   feel    high   is  an   iuconveuietil   one  to 

with, 

io  first  of  tti  tagen  wa&OYeroome  it  extent 

,  who  attached  a  tube  tilled  with  saturated  solution  of 

bo   the   arteiji  and   the   bfeod^pctaaiire   was 

I  by  the  height  of  kite  column  of  this  feline  solution 

i  the  blood  would  support. 

kdvaut&ge    was   overcome    b)    PoJeeuille,   \>ln* 
ptvoduced  the  heavy  liquid,  merouiy,  a^  the  substance  oo  which 


fz±=* 


'•*>&, 


B 


Fig.  26 j,— Diagram  at  mercurial  kyinoflTuph. 


Em    blood   exerted    its  pressure  ;  and   the   I   shaded   Mercurial 

illuin  aODDGCted    to    the    artery    by   a    tube    filled    with 

diuxu  carbonate  solution  to  delay  clotting. 
The  itudy  of  blood-pressure  eatmot,  however,  be  oonaidered  to 
*    itnii  in  h  satisfactory  condition  until  the  Introduction  by 
<  ail  Ludwig  of  the  Kymograph  .  that  i>  t<>  say,  Poiaeuille^t 

-  combined  with  apparatus  for  obtaining  a  graphk 
record  of  the  oscillations  ol  tin  mercury.     The  name  kymograph 

immediately  u  a  very  suitable  one. 
A  skeleton  eketofa  of  the  apparatus  ia  given  in  Bg.  267. 
The  artery    i>   exposed  and   chunked,  ho  that   no   hjemoff] 
occurs;  it  is  then  opened  and  a  gUao  cuuuuhi  inserted  and  firmly 


2S0        tiik  i  \i  m  j\  j  HI  r.i  Oi  >D-VI  ■ 

tied  in.    The  form  of  cauuula  usually  emp 

is  shown  on  a  larger  Bcale  at  A  ;  the 

ii  ifl  tied  into  the  artery  towards  the  beai  ?ofti» 

T  is  united  bo  the  manometer;  the  third  Lin 

short  piece  of  india-rubber  tubing  whirl. 

and  only  opened  on  emergencies,  sue 

a  feather  should  one  form  in  the  cannula  during  the  pro^res#  of  w 

experiment. 

The  tube  bj  means  of  which    the   cannula    is  anil 
manometer  is  not  an  clastic  one,  hut  is  made  of  flexib! 


Fig.  j<Sk>  —  The  Manometer  of  Lndwig*t  Kymograph.     LI 

The  morwury  which  ]w*rtially  fllN  the  tuoe  mspporta  a  float  fa 
filling  the  tube ;  a  wire  ia  fixed  to  the  flout,  and  the  writing  *• 
wire  le  guided  by  paaebiff  through  tbv  hnua  cap  ol  *  he  pram 

uated  to  the  mercury  by  mean  a  of  a  flexible  metal  tube  filled  w 


-u  8vh"<i- 
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that  none  of  the  arterial  Force  may  be  wasted   in  expand 

The   tube,   cannula  and    proximal   limb    of    tl 

all  filled  with  a  saturated  solution  of  sodium  carhon&f 

sulphate,  or  other  salt  which  will  mix  witli   blood  and  delay  id 

clotting.     Before  the  clip  i>  removed  from  the  artery,  tl 

is  first  got  up  by  a  syringe  (or  pressure   hut  tie  eoni 

saline   solution    suspended    at    a    good    height    above   tl* 
apparatus  and  connected  to  it  by  a  tube),  bo  thai    tl 

ii    the   distal    limb  to    a    height   greater   than    that 
anticipated  blood  -pressure  ;  this  prevents  blood    p  -co  the 

cannula  when  the  arterial  clip  is  removed. 
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In  the  distal  limit  of  the  U-tobe,  Boating  on  the  Itfri        ol  the 

mercury,  is  an  iv.uv  float*  from  whioh  w  tang  steel  wire  extendi 

upwards,  mid  terminates  10  si  writing  point*     The  wriUn 

may  be  a  stiff  piece  of  parchment  *»r  a  bristle  which  writee  OB  a 

►ving  sun  nil   with   sniokrrl   [m]mt,  or  a  small   1  trash 

mil  of  ink  which  writes  on  a   long  strip  <>i    white  paper 

.vol  by  clockwork  in  front  of  it.     When  the  two  limits 


-Diagram  of  mercurial  kj-mo^ niph ,     a.  iviulfiug  CfUod/K,  worked  by  acl*..  U- 
VOK  vnqgwnMnl  tl  by  ft  fan  above 

the  box  ;  tli«>  cylinder  i*  supported  bj  mi  ULUigJhl    i  ,  tad  M  capable  of  bHa(r  railed  or 
lowered  by  attfteliaa  to  it;  i»,  c,  I,  represent  the  mercurial 

manometer,  which  is  shown  an  1 

the  mercury  are  at  rest,  the  writing  point  inscribes  i  base  line  or 

beotaaa  00  the  travelling  surface  ;  when  the  promise  is  got  up  by 

fie  syringe  it  writes  a  line  at  a  higher  level.     When  the  arterial 

clip  is  removed  it  writes  waves  as  shown  in  the  diagram  (Bg.  167)1 

the  large  wares  e«>m  spending  to  respiration  (the  rise  of  pressure 

in  moat  animals  accompanying  inspiration  ),*  the  smaller  ones  to  the 

*  Th«  on  of  the  respiratory  chit  tpotied 

11  after  we  have  studied  Besptral 
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INK  N   IN  THK 


H  DMA 


individual  heai  really 

an  that   n 

ter  is  of  equal  l>  »re  t hr  j^ttiuj 

falln  iti  otie*l  jthcr. 


F%,  *to.  —Normal 
with  Lh«    B«R 


!,  uf  arterial  pne*#ure  in  the  rabbit  obUta* 
tier  undulation*  eorreapuna'  with  tfeins* 


the  true  pNM 
{%  267). 

Fig.  268  shows  implete  view  of  the  manometer,  md 


I  ig.  jjj.—A  form  t.f  FieJt'n  Spring  Kvmoirrapta.  «,  tube  to  be  connected  with  artery;  t 
hollow  ■pni  1  _• .  1 1 1 .  m  < i  •  vi  nient  of  which  moves  fr,  the  writing  h- vrr  ;  *-,  screw  to  rqruUir 
heiprlu   >i  ■  >r  -i.|.  pruteetive  upring;  g,  aci  -f  the  rapport 

fig,  269  is  a  diagram  of  the  arrangement  by  D 
made  into  a  kymograph, 

Pig,  270  slmws  a  typical  normal  arterial  blood-pi 
"ii  ■!  larger  scale. 
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In  taking  i  tracing  of  venous  hhodpreimrt^  the  pressure  is 
to  low  ami  corresponds  to  so  few  millinioiivs  of  mercury,  thai  I 
saliiu  solution  is  usually  employed  instead  of  mercury.  If  the 
i  which  is  invest [gated  is  near  the  heart,  A  T6Q0US  pulflti 
is  exhibited  on  the  tracing,  with  small  waves  as  before  oerre- 
ndiiijt;  to  heart-beats,  and  larger  waves  to  respiratioili  wily 
tlie    respintt  in   pressure    now  accompanies   egpirataou 

p,  270). 


iriolc  .    0,  hollow  spring 
Ailed  with  alcohol,  ...  to  which  in  uttached  tin-  marker 

r;   the  rod  r  pMWi  down  war*  l*  in*  which  iiffen* 

imrrfufanie  lo  th»-  oacfLlatiani  ol  nllin-jrthe  loadeu  in'  I  untied 

rndphatc  of  ■odfooo  K>la&ioa,  and  to  upplr  nuffld  •  blood 

from  ptLf*Jng  Into  the  tube  A  ut  »\  the  Simula  m^<  srod  inU*  tbfl  \»->«l;  f»  abneimm* 
marker,  wkteh  can  1»  aoptifid  to  the  moving  nnfftet  by  turning  tin-  MNrw  H  ;  *,  screw 
for  adju«tin^  1 1  j * ■  whole  apparatus  to  th<  4im#  or 

deptrwiny:  the  Kyini*jiTnph  by*  nuk-and-pinum  movem 
poaitkrti  of  thctK' 

The  capillary pt'utuTi  is  estimated  by  the  amount  of  pressure 
vy  to  blanch  the  skin  ;  this  has  been  done  in  animale  ami 
imii  (v   Kries,  Roy  and  Brown). 
Other  manomeb m  air  often  employed  in&tead  of  the  mercurial 

Lie.     Tick's  is  one  of  these.    The  bhxwl-vessel  is  eonne<  b  ■  I  as  1 
ritb  the  manometer,  and  the  pressure  got  up  by  the  use  ol  • 
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syringe  (which  is  seen  in  fig-  2  7  2  ;/>,  before  the  clip  is  reaio?ol  fm*j 
the  artery.     The  man-  «*elf  is  a  hollow  r~*hap*<] 

with   liquid;    this   opens    wir  iaef   and 

decrease  of  pressure,  ami  the  move  <rt<s» 

municated  to  a  lever  provided 

Hurthh  i    Tk 

advantage  of  these  forma  of  manometer  is  that   the 
v:\r\i  individual  movement  is  much  <^ofi 

y  liquid  like  mercury  the  it  it  otitic 

catch   the  finer   m  ts   which   we   hare   s<  oodwy 

vibratiotiH  on  the  pul«  Hiirthle's  tnaoantUt 

-il,  and  the  surface  travels  sutf 
recorded  (see  6g.  ^;/>>. 


F%,  27  y—  Normal 


I'.iii  d  ■  :■•-  iri.'j.  BOSj 


tick's  Kymograph  m  the  d . v. 


We    may  now   proceed   to 
table  probable 

Otis  parts  of  the  vascul 
very  largely  inferred  from  experiments  on  anil 

mej 
Medium  arteries  [$*f,  radial)  +110  ms  ry. 


Liu-.  itnl) 


Capillaries 

+  «5  to  + 

20 

Small  rei&i  of  arm 

+ 

9 

Bqrta]  vein     . 

+ 

10 

Ini'Tjor  vena  cava 

+ 

.; 

Large  veins  of  aeck 

from  0  to  — 

8 

These   pressures    are,   however,   (subject    to    con  vara 

tions  ;     the    principal     factors    that    cause 

following : — 

Fncren9e  of  arterial  blood-pressure  is  produced  i»v 
?.   Increase  in  the  rate  and  power  of  the  heart! 

2,  rn crease  in  the  quantity  of  bh»nrl  (plethora  ajcai 
iftor  transfusion). 

3,  Increase  in  the  con  traction  of  the  arteriole*. 


XXT.] 


VENOUS   PRESSURE, 


285 


U  blood -pressure  is  produce- i 
I N  crease  in  the  rate  and  force  of  the  heartbeat. 

ease  in  the  quantity  of  blond  10/.  liter  lnemurrhage). 
tease  in  the  contraction  »'f  the  arterioles. 
above  ii  ferae  for.  general  arterial  presrare;  bat  if  we  are 

t i l: •  * t it 1 1_'  local  arterial   pressure  in  any  Organ,  the  Increase    1 

» vi   in  the  size  of  the  arterioles  of  otli  ike  its 

I  area  under  investigation. 

in  the  op]  irterial  pressure, 

far  as  the  Hrst  end   third   factors  ate   concerned*     Like 


DPI 
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-  at-4.— Effect  of  weak  stimulation  of  the  peripheral  end  of  vngus  on  arterial  blood - 
smue  (caf-'i'l  1  rabbit),  iw%  blood- pressure  ;  a,  abscissa  or  Dace  line;  t.  time  La 
lands.    Note  fall  of  bluod-prewun  and  slow  heart-boats. 

terial  pressure  it  is  increased  by  plethora,  diminished  by  atuemiA. 

It  is  increased  bj  ■■  decrease  in  tin.-  rate  and  force  of  the  heart,  and 
ion  of  the  arterioles.     It  is  diminished  by  the  opposite* 

It  is  quite  easy  to  understand  how  tins  is;  when  the  heart 
beats  with  increased  force,  it  naturally  raises  the  pressure  in 
the  arteries ;    hut    an  Increase    during    systole   in    the  force  of 

pulsion   into   the  arteries  means  an   increase   also  during  dia- 

Ic  in  the  foree  of  suction  upon  the  venous  blood,  that  is,  a 
reduction  of  the  pressure  there;  it  becomes  more  n  -ban 

it  usually  is. 

With  regard  to  the   arterioles,   rout  met  ion  in  the   arterioles 


'  *n  of  tl  ^^^^^^^^^^^^ 

'■.'"'■"='".."..,■  ih- .-„■„,, ,-o;,.s.    • 

'"l,"'i:  ia  th« re  readih  Drt)'    °*  ' Kpresmtw  „i  i 

»■  The  ri» 'the  *•«  i»to  them. 

«pHl«3  preasnm  '      '       BMt«'   will  prod,, 

.!■   By  narrowing  the  v,i,,v  i     > 

''7'" ■'n'"^M„l,10vV*«'*«o«i«fi.vn,, 

I     Anv  crcnmstancc  that   |,,„|,  ,  ,   "'"""-  trom  "" 
»•"   '"<   similarly;  il,i>  ,,  ir 
dtt00d  b>"  —v  on  the  ,i,v,tUi„ „ !    ™« 
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Capillary  pressure  is  decreased  by  the  opposite  conditions. 

Effect  of  (privity  on  the  circulation. — The  main  effect  of  gravity 
is  that  the  veins  are  filled  with  blood  in  the  part  which  is  placed 
down.  Thus,  if  an  animal  is  placed  suddenly  with  its  legs 
hanging  down,  less  blood  will  go  to  the  heart,  and  the  blood- 
pressure  in  the  arteries  will  fall  temporarily  in  consequence. 
This  hydrostatic  effect  of  gravity  is  soon  overcome  by  an  increased 
constriction  of  the  vessels  of  the  splanchnic  area,  when  the  vaso- 
motor mei'huuisni  is  working  normally.  The  efficient  action  of  the 
"respiratory  pump"  is  also  of  importance  in  counteracting  gravity. 

A  very  striking  illustration  of  the  effect  of  gravity  on  the 
circulation  can  be  demonstrated  on  the  eel.  The  animal  is 
juuesthetiscd,  iind  a  small  window  is  made  in  the  body  wall  to 
expos**?  tlitr  heart.  If  the  animal  is  then  suspended  tail  downwards, 
the  beating  heart  is  seen  to  be  empty  of  blood ;  all  the  blood 
rutiuihvtes  in  the  tail  and  lower  part  of  the  body ;  the  animal 
ban  no  **  respiratory  pump,"  such  as  a  mammal  possesses,  to  over- 
come the  effects  of  gravity.  If,  however,  the  animal,  still  with  its 
tail  downwards,  be  suspended  in  a  tall  vessel  of  water,  the  pressure 
of  tire  water  outside  its  body  enables  it  to  overcome  the  hydro- 
static effort  of  gravitation,  and  the  heart-cavities  once  more  fill 
Mtth  blooo  during  every  diastole.  Another  experiment,  originally 
j*erformecl  by  Salathe,  can  be  demonstrated  on  a  "hutch"  rabbit. 
Jf  tin*  animal  is  held  by  the  ears  with  its  legs  hanging  down,  it 

noon  bee ■«  unconscious,  and  if  left  in  that  position  for  about 

-  half  an  hour  it  will  die.  This  due  to  amemia  of  the  brain ;  the 
"blood  accumulates  in  the  very  pendulous  alxlomen  which  such 
domesticated  animals  acquire,  atid  the  vasomotor  mechanism  of 
the  splanchnic  area  is  deficient  in  tone,  and  cannot  be  set  into 
such  vigorous  action  as  is  necessary  to  overcome  the  bad  effects 
of  gravity.  Consciousness  is,  however,  soon  restored  if  the 
animal  is  placed  in  a  horizontal  position,  or  if  while  it  is  still 
hanging  vertically  the  abdomen  is  squeezed  or  bandaged.  A 
wild  rabbit,  on  the  other  hand,  suffers  no  inconvenience  from  a 
vertical  position  ;  it  is  a  more  healthy  animal  in  every  respect ; 
its  abdomen  is  not  pendulous,  and  its  vaso-motor  power  is  intact. 
(Leonard  Hill.) 

Tlie  pressure  in  the  Pulmonary  Circulation  is  roughly  about  one- 
third  of  what  it  is  in  the  systemic  vessels. 

The  influence  of  the  Cardiac  Vagus  on  blood -pressure.  The 
importance  of  the  heart's  action  in  the  maintenance  of  blood- 
pressure  is  well  shown  by  the  effect  that  stimulation  of  the  vagus 
nerve  has  on  the  blood-pressure  curve.  If  the  vagus  of  an 
animal    is    exposed   and    cut    through,   and    the   peripheral    end 
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stimulates],   the  r<  ved  or  stappA; 

the  arterial   bit  ire   falls  simnlta 

i    if  the    i  ^*pp»«i. 

There  is  a  rise  in  venous  pressure.     Tin 

vii  in  the  two  accompanying  tracing  vmiog 

ad  Bg«  275  of  oomp 
heart  ;  in  both  cam  i  wan  a  rabbit,  and  The  artarj 

the  carotid. 

Tie  of  stimulating  !   end  *>f  the  vag 

other  nerves  cannot  be  am  until  we    have  studied  tin 

QOtOf  n*  1 

immediately  pass, 

Measurement  of  Blood-pressure  in  Man. 

The  measurement  of  the  blood  pressure  in   the  hui 
o4    sbviously   be   effect-  the    apparatus    empl 

animals,  and  numerous  instruments  bare  i- 
purpose  which   may  be  applied   to   I 

section.     One  of  the  simplest   of  these  sjoAj  m  thej 

arc  termed]  has  been  introdooed  by  Hill  and 
it n  indebted  to  Mr.  L  Hill  for  the  following    description  of  tlitif 

cnetbodi  kite. 

The   instrument  consists  of  b  |    glass  tube  abou 

inches  in  length,  which  expands  above  into  a  small  bulb,  and* 
closed  »it  the  top  bj  a  glass  tap  (see  fig.  276). 

\  imaJl  india-rubber  bag  is  fixed  to  the  tubs  below    this  i« 
surrounded  by  n  metal  cup,  attached  in  such  a  way  that 

oi  the  bag  is  exposed.     The  bag  is  filled  with  coloured  fluid. 
Hit  pr  iment  down  over  the  radial  or  other 

the  fluid  rises  in  the  tube  and  compresses  the  air  in  the  bulb;  th 
ait   "  1         an  ■  lastic  spring.      The  more  one  presses  the  m 
fluid  rises;    >t  a  certain  height  th  of  the  dual  exhibit* 

more  pulsation  than  it  does  at  any  other  height  |  puUi- 

The  tube  is  empirically  graduated  in  dh 
respond    to    millimetres   of    mercury    pressure.       The   po 
maximal    pulsation    gives    the   arterial     pressure.       Before   each 
observation  the  tap  is  opened,  and  hv  gentle  pressure  on  I 
the  fluid  is  set  at  the  zero  mark  on  the  scale.      Tin  -  due  to 

changes  in  barometic  pressur    or  temperature  are  avoided.     The 
instrument  is  shown  in  the  figure  with  a  wrist  clamp 
it,  by  means  of  which  the  hag  m  screwed  down  upon  t\ 

We   now  come   to   the  explanation  why  the   maximal   pa! 

uding  of  arterial  pressure.      If  the  mean  pressure 
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tempera  it  are.      In  the  recumbent  post  i  in-    the   ]  treasure  is  sUgfcth 
lower  than  in  the  erect  position.      Till 

ditions   oi    exhaustion,     [hiring  muaculi  premt 

led,  while  in  the  subsequent  period  of  rest  it  k 
Mental   work    raises  the    pressure  :  duri 
lowered,     The  taking  of   food    produces    no   m  :  affect 

la  disease   tben  are   naturally  variations    in   different  directttB\ 
and  the  stu  l\   of   them  has  already  yielded   valuable  results. 

With  this  instrument  the  venous  pressure  Baa  also  be  obtained 
in  the  maimer  suggested  by  l»r.  George  Oliver.  On  the  hack  of 
the  hand  or  arm  a  vein  is  choseu  free  from    > 

sphygmometer   is   pressed  upon   the   peripheral  end  of   tin*     Th* 
vein  is  then   emptied  centrally—/.'..   towards    the  heart 
pressure  of  the  tinker.      Next  the  pressure  in  the  sph; 

hially  relaxed,  and  the  exact  height  noted  at  wh 
refills  With  blood. 

Si  nee  the  flow  of  blood   through   the  capitis  maintained 

by  the  difference  in  pressure  between  the  artery  and  vein,  wean, 

both    of    the   arterial    and    of     the  vwiooi 

pressures,  estimate  the  oompasatm  effioteucy   oi    tb    MpEtnj 
cumulation  in  man  under  varying  oonditiona 

The  Vaao-motor  Nervous  System. 

The  vast i -motor  nervous  sj  lists  of  the  nsso  - 

situated  in  the  bulb,  of  certain  subgidiai 
the  spinal  cord,  and  of  vaso-niotor  nerves,  which  are  »»f  tw< 
— (a,)  those  the  .stimulation  of  which  cat  of  ti«c 

Is;  these  are  call  th.jse  the 

stimulation  of  which  causes  dilatation  of  the   vessels  ;   tl 
called  wtao-dilatator  nerves. 

fFhe  following  names   are   associated  with 
subject      The  muscular  structure  of  arteries  w;»s   tii 
by  Henle  in  1 84 1  ;  in  1852  Brown  SiVpiurd  made  a  stud;. 
vasoconstrictor,  or,  as  he  termed  them,  tonic  nerves.     The  v*m> 
motor  cent  re  was  discovered  by  Schiff  (1855),  nUt^  mor' 
localised    bj   Ludwig  (18711.     The   dilatator   ?>-  re  also 

discovered  by  Sehift';  at  first  tl  mod  paretic 

Other  names  which  must   be  mentioned  in  connection   with  thf 
subject  are  those  of  (Intuit    Bernard,   Heidenhain,  and 
G  iskell,  Langley,  and  Kamon  y  CajaL 

The  nerves  supply  the  muscular  tissue  iu 

Is  and  regulate  their  calibre,  but  exert  t!  :orUiit 

action  in  the  vessels  which  contain  n  latively  the  great 
of  muscular  tissue,  namely,  the  small  arteries  or  a 
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Under  ordinary  circumstances,  the  arterioles  are  maintained  in 
a  state  of  moderate  or  tonic  contraction,  and  this  constitutes  the 
peripheral  resistance,  the  use  of  which  is  to  keep  up  the  arterial 
pressure,  which  must  be  high  in  order  to  force  the  blood  in  a 
continuous  stream  through  the  capillaries  and  veins  back  to  the 
heart. 

Another  function  which  is  served  by  this  muscular  tissue  is  to 
regulate  the  amount  of  blood  which  flows  through  the  capillaries 
of  any  organ  in  proportion  to  its  needs.  During  digestion,  for 
instance,  it  is  necessary  that  the  digestive  organs  should  be 
supplied  with  a  large  quantity  of  blood  :  for  this  purpose  the 
arterioles  of  the  splanchnic  area  are  relaxed,  and  there  is  a 
vast  amount  of  blood  in  this  area,  and  therefore  a  correspond- 
ingly small  amount*  in  other  areas,  such  as  the  skin ;  this 
accounts  for  the  sensation  of  chilliness  experienced  after  a  full 
meal.  The  skin  vessels  form  another  good  example;  one  of 
the  most  important  uses  of  the  skin  is  to  get  rid  of  the  heat  of 
the  body  in  such  a  way  that  the  body  temperature  shall  remain 
constant;  when  excess  of  heat. is  produced  there  is  also  an 
increase  in  the  loss  of  heat;  the  skin  vessels  are  then  dilated 
and  so  more  blood  is  exposed  on  the  surface,  and  thus  increase 
in  the  radiation  of  heat  from  the  surface  is  brought  about.  On 
the  other  hand,  when  it  is  necessary  that  the  heat  produced 
should  be  kept  in  the  body,  the  loss  of  heat  is  diminished  by  a 
constriction  of  the  skin  vessels,  as  in  cold  weather.  The  altera- 
tion of  the  calibre  of  the  vessels  is  brought  about  by  the  action 
of  the  vaso-motor  nervous  system  on  the  muscular  tissue  of  the 
arterioles. 

There  are  certain  organs  of  the  Ixxly  in  which  the  necessity  for 
alterations  in  their  blood  supply  does  not  exist.  Such  organs  are 
the  lungs  and  the  brain.  It  is  in  the  vessels  of  these  organs 
that  the  influence  of  vasomotor  nerves  is  at  a  minim  urn.  The 
pmlmonary  vessels  are  supplied  by  nerves  which  have  been 
discovered  by  stimulating  certain  nerve-roots  in  the  upper  thoracic 
region  ;  but  the  action  of  vaso-motor  nerves  in  the  case  of  the 
brain  has  not  yet  been  established  by  experimental  evidence  (see 
p.  272). 

The  vaso-mot4tr  centre  lies  in  the  grey  matter  of  the  floor  of  the 
fourth  ventricle;  it  is  a  few  millimetres  in  length  reaching  from 
the  upper  part  of  the  floor  to  within  about  4  mm.  of  the  calamus 
^criptorius.  The  position  of  this  centre  has  been  discovered  by 
the  following  means :  when  it  is  destroyed  the  tone  of  the  small 
'vessels  is  no  longer  kept  up,  and  in  consequence  there  is  a  great 
ctnd  universal  fall  in  arterial  blood-pressure  ;  when  it  is  stimulated 


•if  ihm  arterioles  til  <*« 

bloodrpnwiire.     hi  upper 

IpM'liimgd  ill  die  following 


\X1. 
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Mill. I  tiir-  cells  of  these  ganglia,  and*  fivsli  relay  0!  axis-cylinder 
[«ron»vs  I)  ..in  tliL'SL"  cells  eurrv  cjh  the  ini|mlst  m* 

The  following  figure  represents  di&gramroatic&lly  how  this 
mxraro.      I  hi  sheaths  of  the  fibres  are  not  Bfepneeutcd. 

The  ofiB  station  of  :mv  particular  fibre  is  not  necessarily 
situated  in  the  first  ganglion  to  which  it  passes]  the  fibres  of  the 


t^ijf.  277, — Ihaww JBtitimi  Umvugtl  ha\i  flu   *|iirj.kl  lhii-lI,  kJhwiuj!  tin 

rior  eonraaJ  uellit;   ll,  axi --^tinder  proer-sH  of  one  of  thene  girfDg  t.i  posterior  root  : 
(%  ftoU'Hor  (motor)  root;  1>,  j>"  ml  ganglion  on  (*■ 

riM>t;  Ft  syrnpitbi'tie  g million  ;  G.  numii  Mtminmiimns ;  If,  posterior bmu  b  <<\ 
nerve ;  I,  interior  hrumti  erf  npimtJ  nerve  :  ■>,  Long  collateral*  from  povtei  Si  \t  rool  Dbrva 
iritr  to  ..ni.  Mm    horn;  fr,  short  i  'iiHat«raL«  j#t»iriK  to  Clarice V  milium;  * ,  c*M  in 
g  *m  axJH-iyHtjrlpr  (rf)  proeesi  lo  the  dfrect  oerebWIir  bmot; 
riindflt  front  nynipathetif  pinj-Hion  oeillf  dividing 
two  hmnrJiR*,  on*-  to  tan    periphery*  ttu   other  towanU  the  eord :  9,  fibre  nf  the 
'  terminating  by  an  arborisation  vn  tin - -yinpathoUe  ganglion  ;  h<  *ympa~ 
thetie  fibre  pawing  to  periphery,      f  Kiiimtn  y  r'ujnl.) 

white  ramus  eoBBtiamiioaofl  of  tin-  second  thoracic   <i"   not   tor 

i  Tistnnee  all  have  their  cell  stations  in  the  aeoond  thoracic  ganglion, 

1  >nt  may  |>eiss  upwards  or  downwards  in  the  chain  to  9  mora  Of 

1»-^  "listfint  ganglion  hefore  they  terminate  hy  arborising  around 
ell  or  cells, 
The   vaao-oonstriotor  nerves,   however,   have   all   pell  stations 

iiiwhere  in  the  symprc  i  beiQ,  and   the  HOW  tixis  eyliinlers 

*,hat  arise  frujn  the  Delia  of  the  ganglia  differ  ir those  which 
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terminate  there  in  the  circumstance  that  they  do  not  puma 
a  medullary  sheath,  but  they  are  pale,  grey  or  non-medirilafed 
fibres.  Those  which  are  destined  for  the  supply  of  tbe  Teach 
of  the  head  and  neck  pass  into  the  ganglion  stellatum  or  fat 
thoracic  ganglion,  thence  through  the  annuhis  of  Vieussens  to 
the  inferior  cervical  ganglion,  and  thence  along  the  sympathetic 
trunk  to  their  destination.  Their  cell  station  is  in  the  superior 
cervical  ganglion. 

Those  for  the  body  wall  and  limlw  pass  back  from  the  sympathetic 
ganglia  to  the  spinal  nerves  by  the  grey  rami  com  mi  mi  cantos,  and 
are  distributed  with  the  other  spinal  nerve- fibres.  The  cell  station 
fur  the  upfier  limb  fibres  arc  in  the  ganglion  stellatum,  and  for  tbe 
lower  limb  fibres  in  the  lower  lumbar,  and  upper  sacral  ganglia. 

Those  for  the  interior  of  the  body  pass  into  the  various 
plexuses  of  symjKtthetic  nerves  in  the  thorax  and  abdomen  and 
arc  distributed  to  the  vessels  of  the  thoracic  and  abdominal 
viscera.  This  set  includes  the  most  important  vaso- motor  nerve 
of  the  l>ody,  the  splanchnic*.  Their  cell  stations  are  situated  in 
the  various  ganglia  of  the  abdominal  plexuses. 

The  v«*o-t1  Mutator  nerves  in  part  accompany  those  ju«t 
described,  but  they  are  not  limited  to  the  outflow  from  tbe 
second  thoracic  to  the  second  lumbar.  Thus,  the  nervi  erigentei 
originate  as  white  rami  communicantes  from  the  second  and 
third  sacral  nerves,  and  the  chorda  tympani,  another  good 
example  of  a  vaso-dilatator  nerve,  is  a  branch  of  the  seventh 
cranial  nerve. 

The  vaso-dilatator  nerves  also  differ  from  the  vaso-coustricton 
in  not  communicating  with  cell  stations  in  the  sympathetic  chain: 
they  pass  through  these  ganglia,  retaining  their  medullary  sheath, 
and  have  their  cell  stations  in  the  collateral  ganglia  (such  as  the 
semilunar)  or  in  the  terminal  ganglia  on  the  walls  of  the  blood- 
vessels themselves. 

All  vasomotor  nerves,  whether  they  are  constrictor  or  dila- 
tator, differ  very  markedly  from  the  spinal  nerve-fibres  which  are 
distributed  to  voluntary  muscles  in  being  ganglionated  :  that  is, 
in  having  cell  stations  or  positions  of  relay  on  their  course  from  the 
central  nervous  system  to  the  muscular  fibres  they  supply. 

The  existence  of  cell  stations  lietwecn  the  central  nervous 
system  and  the  muscular  fibres  is  not  confined  to  the  nerves  of 
blood-vessels,  but  is  found  also  in  the  nerves  which  supply  the 
heart  and  other  viscera. 

Moreover,  the  nerves  which  supply  the  voluntary  muscles  aw 
motor  in  function  ;  inhibitory  fibres  to  the  voluntary  muscles  of 
vertebrates  do  not  exist.      Jiut  in   the  case   of   the  involuntarr 
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-nally  tli.  tA  in  ru  hhn  s  with  Opposite 

118. 

In    lh<     cusr   nf    tlii-   heart,   we    have   ail    aOOdeifttO  Inch 

through    the    sviiip.it In  r ir.    Ufcd   Ml    ihliihitnrv    set    which 

me  through  the  ?ss 

In  the  case  of  the  vessels,  we  have  ia  Msoelerotor  set,  which  we 

Have  hitherto  called  vasoconstrictors,  and  an  inhibitory  set   we 

been  calling  vaso-dilatatora 

In  the  case  of  the  other  contractile  viscera,  ire  have  afao  vi  seero- 

rator  and  viscero  inhibitory  which  respectively  hasten  and 

lessen  their  peristaltic  movements. 

Adopting  LraskelTa  nomenclature,  we  may   farther  tens  the 

rator  groups  uf  nerves,  kataholie,  as  they  increase  1  he  activity 

of  the  muscled  they  supply,  hriu^in^  about   an  inmate  of  wear 

tear,  and  an   increase  in   the  discharge  of  waste  material 

The   inhibitory  <>n  the  other  hand,  ate   flfw6oMe,  us  they 

produce  a  condition  of  rest  in  the  tissues  they  supply,  and  10 

t  opportunity  for  repair  or  constructive  metabolism 
The  distribution  of  rbe  vasomotor  nervee  and  the  viseefQ  motor 
rves  has  been  within   recent  years  Very  thoroughly  Worked  out 
Langley.      The  nerves  of  the  various  viscera  we  sbftJ]  take  Willi 
J  individual  organs.        In  all   these  eases,  there  is  a  cell  station 
newluiv    in    the   sympathetic    system,  and   only   0U€    for  each 
fibre.      The  preganglionic  fibre*  (i.e.,  the  fibres    from   the 
spinal  cord  to  the  sympathetic  cell  station)  are  usually  niedullated  ; 
otigamffiumie Jlhru  (if,,  those  that  leave  the  ganglion)  ere 
usually   non-mcutul]atcd+        Hut   this    histological    distinction,   an 
much  emphasised  by  Haskell,  is   not  without  exceptions,  and   the 
satiou   of  cell   stations  is  made  with   far  greater  certainty 
by  Lain-dcy's  nicotine  method,      Nicotine  in  small  doses  paralyses 
nerve-cells,*  but  not  nerve  fibres ;    if  the  drug  is  injected  into  mi 
anno  il,  stimulation  of  the  anterior  nerve-roots  produces  no  move 
of   the  involuntary  muscles,   because  the  paralysed  cell 
stations   on   the  course  of  the  nerve-fibres  act  as  blocks  to  the 
propagation    of  the  impulse.      If  the   nicotine  is  applied   locally 
by  painting  it  over  one  or  more  (ganglia,  there  will  be  a  block  in 
those  fibres  only  which  have  their  cell  stations  in  those  particular 
1       Thus,  in  the  lateral  chain  of  ganglia  we  Hud  the  cells 
<*M  the  course  of  the  pilo-motcr  nerves  (t'.e.,  to  the  muscles  of  the 

heirs),  of  the  vasoconstrictors  of  the  head,  limbs,  and  body  walls, 


•  it   1-  still  a  matter  <-f  uncertainty  whether  tins  ,ir 
-cells  themselves,  or  the  terminal  arborisations  (syna; 
fibres  that  Minooad  (hem. 


eta  open  ibe 
of  the  nerve- 
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iUy  of  the  ephmii  nenre*.       In  the  collateral  gangta  ^ 
eoogst  other*,  the  celU  cm  tl>  -|>U 

of  lb*  nerves  to  ewestf  glands,  of  the  ennliic  accele 
of  the   mhibrturr  fibre*  uf  the   njiinentnrv  canal  ; 
the  terminal  ganglia  are  placed,  among  others,  the  cell*  •*  the 
cardiac  inhibitory  nerim,  on  the  motor  Bbra  la  the  lower  pat 
of  the  mteetine  and  bladder,  ami  on  the  inhibitor) 
external  genital 


Tbe  cell  station*  on  the  vasoconstrictor*  are  sittir»te4  f 
rorroponding  lateral  ganglia  : 
the  aaperior  cervical  ganglion  ;  for  il 
tor  the  lower  limb  in 

*acml  ganglia  ;  for  the  tail  in  the  coccygeal  g  >nca 

cuehac  ganglion  ;  for  the  small  i 

large  intestine  and  rectum  in  the  in f  enseal 

genitals  in  the  sacml  g      >    .       1       ■  ••il*  on  the  va^o-dila,!  ;>Lao?«ts 

the  tttperior  cervical  for  the  gums  ami  tips;  in  the  hi 

gland  for  the  robmaxiltary;  and  near  ih 
genital*,  *c-   The  c«  mator-libresuf  t  he  upper  f*art  of  ihe  alitn- 

canal  are  in  the  ganglion  trunci  vagi  ;  for  the  ooneojta* 

fibre*  near  1 1 1-  y  fibres  • 

of  the  alimentary  canal  are  inthecoelijic  01  iojm 

be  lower  part  in  the  inferior  n 
,r  the  hypogastric  nerves, 
Wt  nil.  now  ask  whet  is  the  object  that   in  nerved   be   the  r.\i«ten«»  < 

gangli I  'urseof  these  nerves.     It  appears  to  bt  a  HMa**§ 

»>fibrc*  to  a  va-t  area  of  muscular  tisane  hy  meana  of  teas* 
rely  BnaU   Dumber  of  net  that    leave   the   central  auram 

;    for   each    fibre  that  b  rvous   system  arbores 

around  •  number  of  cell-,  and  thu;*  toe  impulse  it  carries  is  EratenV 
QQfPQex  1  I  eylindcr  processes. 

hi  *ome  cjiyes,  it  is  true,  a  single  nerve -fibre  will  divide  into  : 
branches  »<•  accomplish  the  same  object  (ns   in  the   rapply  of  the  ehrne 
organ   ■  »f    Malapternruts    the   fibres    to   the   milJ 
originating  from  a  single  axis-cylinder),  bat  the  nan 
combination  of  thi*  tnelhorl  with  that  of  subsidiary  eel! 

Al  one  time  a  ganglion  was  sup|»»«cd  *1V  l" 
lubm  axillary    ganglion    ^v;»-;   the   battle-field    in    which    thii 
fought  out.     In  all  the  researches  of  Langley  ami   An  -»o  lut* 

uiv.-ii;j;it*'.l   cvci;   ^miglion  in  the   body,  they  have  never  found  tint  1 
-.  mi.  vii  "ii   rs   ihe   M-al  ril  a  reflex   action.     The  only  instances  when 
thing  seemed  possible  wius  the  following: — When  alt  the  nervous connect*** 
of  the   inferior   mesenteric  ganglion  are  divided    exe.pT    11 
simulation  of  the  central  end  of  one  hypogastric 
1    the  bladder,  the  efferent    path   to  which   is  the  other  oem 

In  addition  they  observed  an  apparent  reflex  e  rye  «s*» 

plying  the  erector  muscles  of   the  hairs  (p  Ho- mo  tor  nervi  ga  otfcrr 

Minptithetie    ganglia.     In    neither   ease    je   the    action    Truly  reflex,  but  * 
caused  by  the  stimulation  of  the  central  end-  »»f  motor-fibni 
from  the  spinal  cord,  and  which  after  passing  through    I 
launches  down  each  hypogastric  nerve.     The  experiment  is   in  fad 
In  Kiihuc'*  gracilis  experiment  (p.  170). 

\  leriee  of  most    interesting  and  importaDt  experiments  bate 
men    recently  been   carried  out  by  Langley,  in  e  shoes 


,  xxi.1 
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uiTvt-  fibres    will    under     certain     e\peri  mental     conditions 
innate  by  arboriaiig   around   other  nerve  oetti  than   bbose 
rhioh  they  normally  form  oomteotkm  (eympsea)  with,      it  will 
■uf&cienl  to  give  one  typical  experiment      If  the  vagna  nerve 
cut  across  in  the  neck,  its  peripheral  end  degenerates  down 
if    the    I'rrvn'ji]    sympathetic    is    cut    across    below    the 
r  cervical  ganglionitis  peripheral  end  degenezmtw up WAldfl, 
an   far  as  the  ganglion,       If  subsequently  the  central   end  of   tin 


it 

pi 


Superior, 
Ganglion 


0 


6 


*! 


1 


F%.  tyi,  t>ijtprTHin  t<«  illiterate  L*n^ky*it«3UMriia«atoo  v*guMU«]  oerviotliyaip»thct» 
aanre*  In  A,  the  two  nerve*  mrc  nhown  in  lad  ;  the  din  ction  of  the  impute*  thi»y 
normally  mrrv  i-  UTOWft,  mid  the  ruune*  of  mime  <>f  thi  -"ri,lv 

nentionea     In  H,  bath  aervea  are  oat  through.    The  dtgcnctvtod!  porw 
nptMOttd  bpdfoenntwjiiu*  line*      Iii  l\  On'  tin  ion  diwrihed  in  the  test  hii*  l»ren 
iipltNhed,  and  Mtiimtbtion  *1  the  point  11  aim  laoduw  the  Maine  re*mli«  u*  *<  1.  hi, 
'  nerves  (A)  pfoduoed  !•>  irtimuUtion  ikt «, 

cut    vi -11^    is    united    to   the    peripheral  end    of    the   cut  svmpa- 

ih    the   course  of    some  weeks   the  vagus    Stares  gtwi 

into  the  sympathetic  and  form  BynapSM  around  the  oeUfl  of  tin* 
superior  cervical  ganglion,  and  stimulation  of  the  united  neivi 
DOW  produces  such  effects  as  are  usual ly  obtained  when  the 
vical  sympathetic  is  irritated;  for  instance,  dilatation  of  the 
pupil,  raising  of  the  upper  eyelid,  ;md  oooitiictiou  of  blood  ▼easels 
ni'  the  head  and  neck.      (See  accompanying  diagram,  tig.  278.) 

Such  experiments  at  th-i  te  are  importaul  theyte&eli  us 

that  though  the  action  of  nerves  may  be  so  different  in  different 

(some  being  motor,  some  inhibitory,  boom  secretory,  some 

eenaofyi  »Ve.)t  after  all  what  OOCUrfl   in  the  nerve  trunk   itself  U 


2Q8       the  ciBctnatioK  i>  rne  iusjoiv- 


the  same;  the  difference  of  Action   Lb  doc  to  djff, 

!  the  nerve-film*. 


alwa?* 

either  itt  the  origin  or 

■  Id   illustration   to 
tffQttkl    to   fcrffgiaph  *ire*    we   mat  | > aiming  tU. 

oWiuati  telegraph  ■ 

itieredi  and  It  produce 

differ  ctric  change,  bo  i  f«jld 

be  the  same  in  all  cast  ilinr  i 

nerve  is  al 


Flf .  i?y.  -Arterial  bio  xl-pressnre  tracing*  allowing  Traube-Hertnjr  warm. 

'    in  the  experiment  just  described,  I 

produces  just  the  same  results  as  though  the  impulse  had  rv&di*i 

its  destination  l>\  the  usual  channaL 

The  Vaso- motor  centre  can  be  excited  directly,  &a  1«t 
induction  currents;  tin  result  is  an  increase  of  HtMid-prami 
uwinp  to  an  in  action  of  the  peripheral  art 

It   can  also   he  excited   hv  tl^-  action  i  ■  ,,.<   in  the 

which  circulate  through  it  ;  thus  strophanti!  u 

rkad  rise  of  general  arterial  pressure  due  to  tin 
tlie  peripheral  wssc)s  drought  nhoiil   hj  Impulses  from  the  centre. 

It  is  also  i  icitetl  hi    venous   hlood,  as    in  a*/ 
hlood  occurs    during   the    first    patt   <»f  asplenia 

is  due    t<»  constriction   «>t*    peripheral    v.  the    f|j|   duriuj; 

the  last   s1  isphyxia  is  largely  due  to  heart   failure,     Wc 


■■ 

i 
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ahull    >tu  i\    asphyxia    more    ;«t    length    in                on    with 

fteeptratiou.     During  tin-  period  of  decrotisod  pressure,  wj< 

oft*                      on   the  blood-pressure  curve   which    arise    from 

a  blow  rhythmic  action  of  the  vaso-inotnr  centre.     Tlie  centre 

lv  sends  out  stronger  unci  weaker  constrictor  impulses* 

the    Traulto-HcrinQ    w                 i    are    Mob 

«t  in  their  rhythm  than  the  waves  on  the  tracing  which  an 

respiration,       They   are  not   peculiar    to    asphyxia,   hut 

lit 

A 

T 

E 

A 
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-Renult  on  art/ nil]  blood-pTv**ure  curre  of  MtituuJntiog  the  central  «od  of  eu 
•ciaUc   nerve  in  rabbit,     ni\  blood  •preiwiire ;    a,  abneuaa  or  base  line;  t,   time   11 
■*oon<li  j  c.  «ig-nnl  of  period  of  excitation  of  the  nerve. 

iinnllv  seen  in  fcfacingl    twm    D0JKEI*3   animals,        Rg,  27^ 

pw*                     obtained  from  i  dog  let  the  iofiuenoe  o 

mphia    and    riirure.       The   Upper    BUlfi    taken    wliile    artitieia 

.Mon  was  being  oarried  op  thorn  the  three  sets  of  waves 
*l  the  oscillations  due  feo  die  heart  beats,  next  in  sfae  thosw 
te  to  ilie  respiratory  movement*,  which  in  their  turn  are  super 
lied  on  the  prolonged  Traube  Bering  waves.  Tflie  lower  tracing 
w*  taken  imnn  ifter  the  cessation  of  the  artHScial  respira 
hows  on! y  the  heart  1  the  Trseuba-Hering  wavei 
The  Vaso-motor  centre  may  be  excited  reflexly. — Tht 

il  impulses  to  the  vaso-raotor  centre  may  he  divided  iatc 
ressor  ami  depressor. 

t 
i 

> 
f 
1 

i 

\ 

Flf .  2rtr,  -Tracing  •bowing  the  effect  on  blood -pre^ure  of  rtimuJatimr  t» 
the  DepieawJi   oerrt-  in  the  rabbit-    To  be  read  from  rigrht  to  left,     i 


rate  at  which  the  recurding-«tirf  *e*wa«fra  veiling-,  t  lie  interval*  rorre*r- 

meat  of  entrance  of  current;  O,  moment  at  whirh  it  was  shut  at.  T» 
effect  10  kotne  time  in  developing,  and  last*  after  the  current  haa  been  taken  of-  IV 
Inrger  undulation*  are  the  renpiratoty  curvea ;  the  pulae  oocillatiomi  are  verr  «a*_ 

pfiS 

Depressor  nerw, — In    must   animals   th 
bound  tip  in  the  trunk  of  tin   vagus,  but  in  some,  lik-   the  fibtit 
'•..I  and  horse,  fin-  nerve  runs  up  parate  branch  fn 

heart  and  joins  the  vagus  or  its  superior  laryngeal  brain 
ultimately  reaches  the  vaso-inotor  centra.     When   tb 
stimulated  (the  vagi  having  been  previously  divided 
reflei  inhibition  of  tin  heart),  :i  marked  fall  of  arterial  Mo**i-pr<*- 
sure  ia  produced  (see  fig.  281 ).     Stimulation  of  this  u 
the  vasomotor  centre  in  such  n  way  that  the  normal 
impulses  ihfit  pass  down  the  vaao-constrictor  nerves  arc  inhibiten?. 
The  Pall  of  pressure  ia  very  slight  after  section  of  the  splamhmr 

a,  showing  that  the  Bplanchnic  area  is  the  pari  of  th 
most  Affected      The  normal  function  <>f  this  nerve  is  to  ad 
heart's  action  to  the  peripheral  resistance  :  if  the  00m 
the  arterioles  is  too  high  Tor  the  heart  to  overo 
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iM'ivc  to  the  raao-rootoor  centre  produce*  reflexly  ft  leaguing 

peripher 

depreMoi  should  be  carefully  di«i i ituru fasbed  from  iuhibi- 
mulattoo  of  tit  the  ragui  producoe  s  hill  of 

to   Inhibition   (slowing  or  stoppage)  of  the  1>< 
175);   ■ffmalatioo  ot   r'n<  nd  of  the  deprasoi  nerve 

-  a   lowering  of   btood*pre»are  fur  a  different  reason,  oaiw 
i  he  splanchnic  arterioles. 

Experiments  011  Vaso-motor  nerves. — The  experiments  on 
iso-motor  nerves  are  similar  to  those  performed  on  other 

\  hen  uurwi  i  ■  -rtnin  their  functions.      They  consist 

section  and  excitation, 

nstrietor   nerve,    such  planohntc, 

as  of  nun  rial   tone,  and  coiisequently  the  pail 

:  by  the  nerve  becomes  flushed  with  blood.     Stimulation 

leripheraJ  end  -  i<>  contract  and  the  part 

comparatively  pale  and  bloo  1   he  very 

ear  of  the  rabbit.     This  is  a  classical 

<  iutcd  with  the  name  of  Claude  Bernard.     Division 

leal  sympathetic  produces  an  in  t  the 

the  head,  and  looking  at  the  ear,  the  transparency  of  which 

follow  the  phenomena  easily,  the  central  artery 

anches  is  seen  to  become  larger,  and    many   small 

>t   previously  risible  come  into  new.     The  car  feels 

hotter,  though  this  effect  soon  passes  off  sis  the  exposure  of  it  bu 

ntity   of   blood  to    the  air  causes  a   rapid   loss  of  heat,      On 

ulating  the  peripheral  end  of  the  cut  nerve,  the  ear  resumes 

normal  condition  and  then  becomes  paler  than  usual  owing  i<» 

constriction  of  the  sea 
The    first    part   of   the  experiment,    the   dilatation    following 
section,  can    be   demonstrated   in  a  very  simple  way,  by 
the  thumb-nail  forcibly  on  the  nerve  when  it  lies  by  the  side  of 
the  central  arterj  of  the  ear* 

ion  of  a  vasodilatator  nerve,  Mich  as  the  chorda  tyriipaui, 
produces  no  effect  on  the  vessels}  but  stimulation  of  its  peripheral 
teat  enlargement  of  all  the  arterioles,  10  thai  the  sub- 
maxillary gland  and  the  neighbouring  parts  supplied  by  the  at 

jome  red,  and  gorged  with  blood,  and  the  pulse  KB  propagated 
through  to  the  veins ;  the  circulation  through  the  capillaries  i>>«» 
rapid  that  the  bl*wnl  loses  very  little  of  its  oxygen,  and  Is  th 
lore  arterial  in  colour  in  the  veins.     Another  effect,  tree  secretion 
diva,  we  shall  study  in  connection  with  that  subject. 
nth'  pies  of  vaao-dilatator  nerves  are  the  nervi  erigj 

to  the  erectile  tissue  of  the  penis,  &&,  and  of  the  lingual  nerve  10 
the  1  easels  of  the  tong 
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It  i>.  bowaver,  pnobafe]  ll  the  vessel- 

boll  eon#trictor  aod  dilatator  dj 
latter  i*  difficult  bo  determine  unlew 
if  they  are  not,  stimulation  aflbcta   H,  rs  roost 

od  is  also  in 

the  only  «■•■  «  du*  to  M:Vte 

constrictor  inmionca 

To  solve  this  difficult  probl 

i.   The  n  .—If  th< 

vessels  of  the  limb  dilate.      This  passes 


Fig.  282.—  ritf^iyvmnfrruph.  By  tne&oa  of  this  apparatus,  the  alteration  in  rolsatufi1* 
arm,  it  which  i«  enclosed  m  a  g4a**  tube.  .«.  filled  with  fluid,  the  opfnrcf  tow0l 
win.  Irmly  cloned  by  &  thick  fruttn-percha  band,  r„  u  romrouii*^ 

s  rtfrUitrred  ITm  fluid  in  *  < oniftmiiii/i 

with  that  in  i\  tin-  upper  limit  of  which  is  above  th.i 
volume  are  drie  to  alteration  in  too  blood  contained  in  the  .irni      W\ 

ned,  fluid  peaeesouf  of  the  g-la**  cylinder,  and   the  l*fv  r  1  >«d. sal 

wh**n  a  deeTcipte  1  the  fluid  returns*  afrain  from 

evident  that  the  iippHratuaif  capable  of  reooMinj^  altera  1 
in  the  arm. 

the  peripheral  end  of  the  nerve  is  thru  stimulated,  the  ragAm 
dilated,  us  the  constrictor  l  i  so  one 

result  due  to  the  stimulation  of  the  still  it 

2.    The  mtthmi  of  nitwit/  interrupted  *Aockst- — It 
is  stimulated  with  the  usual  rapidly  interrupted   faito 
the  effect  is  constriction;    but  it"  the  induction 
in    n   long  intervale  (e.tf.  at  intervals  of  a  second 

are  obtained     This  can   be  readily  demonstrated 
kidney  vessels  by  stimulation  of  the  anterior  i 
thoracic  nerve  in  the  two  ways  just  indie 

The   action  imtor   nerves  can    lie  sturlii 

way  than  by  the  use  of  the  mercurial  or  oth>r 

which   is  the  only    method   we   have   oonsaderod  »»  fur, 
The   second    method,    .  often    used    together 

manometer,  consists  in   the  use  of  an  instrument  \vL 
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variations   in   the  volume   of  any  limb,  0?  organ  of  an   animal 
Such    an    instrument    is    called    a    plethysmography     Our    of 
ihstrnirH'tits   applied    hi   the   1hiiii.mii   arm    \^   shown    in    fchfe 
latpanying  figure, 

Every  time  the  arm  expand*  with  ev<  ry  bearl  a  systole,  ■  little 

of  tba  Huiil  in  the  plethysmograph  la  expelled  and  raises  the 

\".iri,d ions  in  roltimc  due  to  respiration  sfe  aleo  Men  ic 

tlie    trarini:.       An    air    plet  livsiuo^rnph    eniniectcrl    tO    a    Marev"* 

tamhmn  gives  equally  good  results. 


l^ig.  **.}.— Diagram  of  Hoy'*  I 

which  upetw  by  bin**/;  A.  the  1 

I 
plumped  I m 'twill  IflM  on* 
inmde,  f.  hi  two  Debug  Ann 

tuunbef  below  b   fllli  1 
;  he  kidney  oxperimen 
plttg  1      Afi"i  the  kidney  ha* 


1  -  1")i«<  kidney  tnolonoil  in  ft  metal  box, 

J  veneln  and  -midinijr  the  kidney  hit 

■dg—  of   wbi'h  ure  flnnly  Hand  by  being 

in >t  roprannted  in  the  figure] 

Mmn  at  *♦  liiid  below.    The  mem- 

ith  n  varying  animint  Of  warm  oil*  according  to 

throujrh  thu  opening,  than  clowwd  with  the 

iuIm* d  in  the  oasMule,  the  membmnoitt  ■  I 

■   b-  nihil  witl  limugh  the  tuW  *,  which  is  then  closed  by  a  ten    not 

1  in  (he  dirmmm   ;  the  tube  tl  commun  irate*  with  ri  rfenrding  nftjiarntni*, 

und  .m>  ■Jtemtum  in  the  volume  •  *f  the  kidney  La ommiieated  by  Kbe  "il  in  the  tube 

tn  the  chamber  d  1  »f  (lie  0 igruph,  Jig.  2H4. 

The  riiHu'iit  in  a  modified  form  applied  to  sneh  organs 

9&  the  spleen  unl  kidney  is  generally  called  an  oncometer,  ami 
it   ol    the   apparatus,  the  oncograph.     Those 
instf  iniKiii-  wcowe  t<>  Prof,  Roy,  and  the  nexl  two  nguroareprei 
■  -rTivrl\  sect sons,  id  the  kidnej  oncometer  and  oncograph. 

K;r« ■'!  ei  metal  eiipsule,  nf  shape  suitable  to  enclose 

the  organ  :  its  two  halve*  are  jointod  together,  :m*\  fil  accurately 
except  at  one  opening  which  in  left  for  the  veasek  of  the  organ. 
I  delicate  membrane  is  attached  to  the  rim  of  each  half,  the 
apace  between  whleh  and  the  metal  is  filled  with  warm  oil.     The 
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tube  from  the  oncometer  is  connected  to  the  oil  contain 
«>f  the  oncogiupfa  by  *  tube  also  containing  utL     An  iucre»*cm 
the  volume  of   the  or^an  squeezes  tin    oil  out  of   the  ouo 
into  the  oncograph  and  so  produces  :i  rise  of  the  onoograpti 
and  lever ;  a  nm  traction  of  the  organ  produces  a  fall  of  the  lever. 
Very  good  results  are  obtained  by  using  saline  solution  (attend 
of  oil  j  and  Prof  Sohafer  has  recentlj  shown  in  n  with 

the  spleen  thai  s  spleen  box  of  simple  shape  covei 
plate,  made  air-tight  with  vaseline,  except  where  it  oognmtmi 

hy  a  tul'e  with  a  Marev's  tambour,  ■  •ives  a  far  more  deli 
Of  the  splenic  alterations  of  vol  nine  than  the  oil  oncon. 


Fig.  2*4,— Roy's  Oncograph,  or  apparatus  for  recording  alterations  is  the  volume  of  1 
kidney*  ke.t  b*  shown  by  the oneomi«t4*r—<t.  upright,  supporting  recording  lever/,  wWA 
in  raised  or  lowered  by  nevdJe  h,  which  works  through  /,  and  whirl  1  is  attached  tt»  tti* 
iking  in  the  chamber  d.  with  which  the  lube  from  the  oncometer  AbV 
munirutt*.     'Hi-  ■  it«*l  from  being  squeezed  out  as  the  piston  deiwnd 

mr'iuljiam',  which  i*  clamped  betwe*  11  the  ring-shaped  surface*  uf  cylinder  1 
■crew  1  working  upwards;  Ojc  tube  I  is  fur  tilling  the  instrument. 

If  now  we  are  investigating  the  act  inn  of  the  anterior 
eleventh  tln>ra<h  nerve  mi    tin    vessels  of  the  kidney,  a  t r- 1 
taken  simultaneously  of  the  arterial  blood -pressure  in  tl 
and  of  the  volume  of  the  kidney  by  the  oncometer.     On  stimu- 
lating the  nerve  rapidly,  there  is  a  slight  rise  of  arterial  00041 
but  a  large  fall  of  the  oncograph  lever  showing  that  the 
baa  diminished   in  vnhiiue.      It  is  evident   that    then  at) 

active  contraction  of  the  arterioles  uf  the  kidw  il   to 

diminish  in  size,  fur  the  blood-pressure  tracing  heft 

is  no  failure  uf  the  heart's  activity  to  account  fur  it. 

We  shall  return  to  the  subject  uf  the  oncometer  in  • 
With  the  spleen  and  kidn<  y 

The  vase-motor  nervous  system  is  influenced  to  some 
conditions  of  the  cerebrum,  some  emotions,  suofa  j*s  fear,  causing 
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utiou),    iitnl    others   causing    Mushing    | 
<>n). 

issihle  to  over  estimate  ili»  importance  d  the 
rif  vaso  motor  phenomena,  as  a  means  of  i  xplaining  certain 

il  conditions  ;  our  knowledge  of  the  processes  oonci 

ttion  is  ii  ease  in  point, 
rders    of   tin  LSO-motOT    disturbance! 

!v  called  ttHffi't -h* tfnse*.     of  these  we  may  mention  the 
n\  j,  :— 

ii-iHH ni.il  S4  n>ii iveneaa  of  the  raaculaj 
^  the  finger-naH  across  the  skin  causes  an  imme- 

isiderable  time. 

considered  ohaiueteriatic  of  aflfeetkme  of 

l  meninges  like  tubercular  meningitie,  and  iraa 

called  lingeal  streak."     It,  however,  occurs  In  a 

of  pathological  conditions  of  the  nervous  system    Itoth 

111  certain   conditions  whjl  h  lead    |0  PM  the  pain  in 

•  heart  is  due  to  its  befog  unable  to  overcome  in  immense 
I  the  condition  is  ft  iy  the  adminie- 

_     Like  amy  1-ni trite  or  nitre-glycerine,  which 
Lse  universal  blushing, 

i-  one  in  which  there  i>  h  localised  OOtl&trio- 
m  of   th  i  »1  an  to  entirely  cut  off  the 

supply  to  the  capillary  areas  beyond,  and  if  this  Easti 

time  may  lead  to  gangrene  of  the  parts  in  ^aeatioD. 
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through    the   cap&ikty  bio 
otne  of  lbs  liquid  constituents   exndc  through   the  thin  waiifl  of 
trying  nutriment  to  the  tissue  elements,      This 
ion  is  called   lymph  ;  it  receives   from   tlie  tisanes  the  pro 
hicta  of  their  activity,  and  is  collected  by  the  lymph  chai 
rhich  converge  tot!  icic  duet    the  main  lymphatic  vessel 

lymph  once  more  re-entera  the  hlood-atream 
the  large  systemic  veins  into  the  right  auricle. 
fluid,  which  comes  into  much  mote  Ultimate  relation 
lip  with  metabolic  proccaafM   M  bipod  J   in 

nly  one  situation — the  spleen — where   the   K1«»hJ 

x 
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COmefl  into  actual  contact  with  the  i 
&& — of  a  tissue. 

Composition  of  Lymph. 

Lymph  is  alkaline  ;  its  specific  gravity  ic  1015,  wul 

it  leaves  the  vessels  it    clots,  Forming 
fibrin.     It  is  like  blood-plasma  in  oompositio 
bi  if-  ptoteid  constituent  are  concerned,     This  is 

that     proteids   do    no<     pass    readily    through 

proteids  present  arc  culled  fib\ 

albumin;  these  we  shall  study  with  the  hlootl-pla&uia. 

arc  similar  to  those  of  blood-plasma, 

proportions.     The  wast*    products)  like  cai '  ad  ur 

arc  more  abundant  in  lymph  than  m  blood.      The  tol 

solid  1  in  lymph  is  about  6  per  cent.,  more  than  half 

w  loch  is  proteid  in  nature, 

When  examined  with  the  microscope  the  trans  pan 
found  to  contain  colourless  corpuscles,  which  are  called  lymj 
these  arc  cells  with  large  nuclei  and   comparatively  little  proi 
plasm      They  pass  with  the  lymph   Into   the   blood,  where  tin 
undergo  growth,  and  are  ("ailed  Uucocpti 

All   the  lymphatics  pass  at  some  point  of   their  i-<>nr>ij  I 
lymphatic   glands,   which  arc   the   fact 
Lymphocytes  also  pass  into  the  lymph  stream  wh 
tissue   is   found,  as  in  the   tonsils,  thymus,   Malpi^htu 
the  spleen,  I'eyers  patches,  and  the  solitary  glands  of  the  mi 
The  lymph  that   leaves  tin  richer  tit  lyu 

that  which  enters  therm 

When  lymph  is  collected  from  the   thoracic  duct  afters 
containing   fat,  it  is  found   to   he   milky.      This 
presence    in    the    lymph    of    minutely    subdivided     1 
absorbed  from  the  interior  of  the  alimentary   eartaL     Th 
Is  then  called  chyfo.     The  fat  particles  constitute  what  Lift 
called    the  molecular  Utsi*  of  chyle.      If   the   abduim 
during  the  process  of  Fat  absorption,  the  lymphatics 
white  lino,  due  to  their  containing  this   milky  fluid.     They) 
consequently  called  lack 

The  structure  and  arrangement  ■  *f  the  lymphatic  vessels 
given  in  Chapter  Will.,  and  we  have  now  to  proceed  to 
study  of  the  structure  of 

The  Lymphatic  Glands, 

Lymphatic  glands   are  round   or   oval    bodti 

9    hemp  seed    to  a  beau,   interposed    in    the   »  the 


kxii.] 


\.\yw\l.\i\r.    GLANDS, 


307 


lymphatic  vessels,  and  through   which  the  lymph   panes  in  its 
discharged  into  the  blood-vessels,     They  am  found 


n* 


in 


"Action  o!  11  tneaentcric  gland  from  the  ax,  "lightly  magnified.  «.  Hilua  ;  b  (in 
the  central  part  of  the  figure!,  medullary  ouMance  ;  e,  cortical  mibflance  witn 
indfetinct  alvwli ;  rf,  capwul.-.     <  Kullfkw. ) 

numben  in  the  mesenterj,  sod  along  the  irreat  vessel* 
kbdomen,  thorax,  sod  neck  ;   in  the  axilla  ami  groin  ;  ;i  few 


F4g.  jS6,— Diagrammatic  aeetioo  of  lymphatic  gland,    a  J,,  afferent  •  <*./.,  efferent  lympha- 
tic*;    '_',   BOrWail    ratwtft&et;    '.*■»  lymphoid    ti*Mu« ;    *J ...  lymph-path;    r.t    fibrillin 
ale  w  urlin^  in  trnbecalw  tr.  into  me  Ptitatjuice  <>f  the  gland,     (Kharpey,) 

the  popliteal  .space,  but  not  further  down  the  teg,  aod  En  the 

ami  as  far  as  the  elbow. 

emphatic    ^laud    is    covered    externally    by   a    capsule    of 
COnnective-tissue,   generally   containing    some    unstriped    muscle. 
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At    the   inner   side   <>i*   the   gland,   which    is    soua 

(A&fct*),   (fig,  285),  the  capsule   Bend*    inward*    processes 

fasfacic/a    in   which   the   bloods 

join  with  other  pn  prolonged  from  the  inner  gurfaofl 

part  of   the  capsule  covering  the  convex  or  outer  f 

gland  ;  they  have  a  structure  similar  to  that  of  1 1  •  -  -  capsu 

entering  the  gland  from  all  sides,  and  i» 

a   fibrous   scaffolding.     The   interior  of   tilt   gland 


Fig.  -j%j,—A  miihH  portion  uf  medullary  ptubetanof  frma  a  raiBMBtftfia  i?li"*il 

d,  <*#  trabecuhe  ;  a,  part  of  a  conl  of  lymphoid  tiieaie  from  which  all  bul  o  frw  of 


h  mph-oorpiwrle*  have  been  wn*ln  d  *"it  »..  -  h 
tiwuie  and  it*  rnpitlary  bJood-veawda  (which  have  net 
I  b-path,  of  which  the  retifonn  tt« 
x  joo.      Kullik-  r! 


__Wfitk  of  1 
ti«d,  and  an?  dari  11 
reprwnted  mrty  at  «♦ 


31,  even  when  examined  with  the  naked  eye,  i<>  be  i 
two  parte,  an  outer  <>r  vttrtictil%  which  is  light  coloured,  and  w  H 
inner  or  medullary  pnrtiuii  of  redder  appearance  (fig&  285,  i86>- 
In  tin   outer  part,  or  cortex,  of  the  gland  (rig.  286)  the  in 
between  tin-  trahecuhi  -■  and   regular  j  they  • 

ulveoli f:  whilst  in  the  more  central  or  medullary  part   1- a  finer 

iwork  formed   by  an   irregular  anastomosis  of  the 
processes.     Within  the  alveoli  of  the  cortex  and  in  the  natal 
funned   by  the  trabecuhe  in  the  medulla,  is  contained 

;  this  occupies  the  central  part  oi  e  ich  alveo  a  tot 


irronndin  tr.il  portion  and  immediately  next 

-  ile  and  traheeula?,  is  n  more  open  mesh  work  of  retiform 
tg  the  lymph-path,  Mid  boq taming  but  tew  lymph- 
;  utcles.     At  the  inner  part  of  (lie  alveolus,  the  central  m 

into    two    or   more   smaller    rounded   or  cord -I  ike    ma* 
tig  with  those   from  the  othei   alveoli,  Form  h  much 
r  arrang  than  in  tin   eortoi     ipaoee  (fig,  287,  6) are 

within  tl  cords,  ill  which  are  found  portions 

ibeeular  meshwork  and  the  continuation  of  the  lymph-path. 
The  lymph  enters  the  gland  by  several  aflfen  Is,  which 

ipsulc  und  open  into  the  lymph-path;  at  th 
they  lav  aside  all  their  coats  except  the  endothelial  lining, 
which  is  cotitimiona  with  the  lining  of  the  lymph-path.  The 
in  tin  medullary  jiart  ■  ►}'  the  gland,  and  are 
continuous  with  the  lymph  path  here  an  the  afferent  vessels  w 
with  ilir  cortical  portion;  the  endothelium  of  one  Is  e«>ntinuou> 
with  that  of  the  other. 

The  efferent  vessels  leave  the  gland  at  the  hilnn,  mid  generally 
either  at  once,  or   very  soon  after,  join  together  to  form  a  single 
eh 
Blood-vessels  which  enter  and  leave  tin   gland  at  the  hile 
ly  distributed  to  the  trabecular  tissue  and   to  the  lymphoid 

The  Lymph  Plow* 

lli,    flow  £>f  the  lymph  towards  the   point  of  it*  discharge  bit© 
the  veius  is  brought  about  by  several  agencies.     With  the  help  of 

valvular  mechanism  all  occasional  pressure  Ml  tftbfl  SftBVlOff 
of  the  lymphatic  and  lacteal  vessels  propels  the  lymph  onward  ; 
-  muscular  and  other  external  pressure  accelerate!  the  How  of 
the  lymph  us  it  does  that  of  the  blood  in  the  veins.  The  acimu 
of  the  muscular  fibres  of  the  small  intestine,  and  the  layer  of 
present  in  each  intestinal  villus,  assist  in  pro- 
pelting  the  chyle  ;  for,  in  the  small  intestine  of  0  mowae,  the 
ehyh    has  heen  seen  moving  with  Entennittenl  propalsionji  that 

eorres|Niud  with  the  peristaltic  movements  of  the  intestine,      lhitt 

for  the  general  propulsion  of  the  lymph  and  chyle,  it  is  probable 

that,  together  with  tin    pu  n  fargo  resulting  from  external  pressure, 

some  of   the   force   may   he  derived   from  the  rontractility   of  the 

own  \\all>.     The  respiratory  movements,  also,  lavour  th** 

vent  of  lymph  through  the  thoracic  duet  as  they  do  the  current 

of  blood  in  the  thoracic  veins 

I*3rmph-Heart».—  la  reptiles  :ioJ  tome  b4ttls.au  Important  snail 
meat  <»f  the  lymtlu   ami  chyle  is  supplied    ill  reiTain    DlOSCUlft] 

rfti  and  it  lia-  been  &hown  thai  the  cstidal  lir-mt  td  the 
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t  Ivmpb-bcart  nl^>.    The  number  and   \  .*  my. 

In  frog*  nml  road?  t 

il  lyni]ihal 

guarded  by  valves,  which  previ  ^Ita^ 

Prom  each  bean  ■  single  reset]  pro© 

i  by  h  valve  at 
The  muscular  coat  »•'  .-f^« 

only  be  discovei 

striped  fir.ix^.      I  jthmioL 

occurring  nboul   sixty  timrs  in  a  minute.     The   pulsat 
■  •  ius   with    1 1 
on,  a t i •  1  •  .  <uding  sac*  »ite  Hides  are 

a  their  action* 

nn*  of    the   1»1<mk|-!i. 
appe  upon  ;i  certain  limited 

d,     Im    Volkmann   found  >nLr    as   tl  n   "f  -phiiJ 

monding  t<>  the  third  vertebra  of  tin 
pair  of  lymphatic  hearts  continual  pul 
cord  and  the  brain  w<  ■  cd  ;  while 

though   all  other  part*  of  the 
arrested  the  heart*'  movement*,     Th< 
hearts  were  found  to  b 

orreapouctii  tebra,     Division  nf  riir    interior 

roots  did  not  arrori  the  movements;  but  division  of 
them  to  cease  al  ouoe. 

thf  Tftfirmur  Ihnt. —  By  d< 
a  fluid  so  oonstant  pressure  passing  through  the  fl  «miB  al 

4Jlev  have  obtained  evident  -   "f  riei 

linn  and  constriction  ol   the  duct    'i  I  ned  in  the  -ympathetif 

<*Iiaiii   Inflow  the  first   thoracic   ganglion.      The   effect    ol    stiuj 
principally  dflatat  ion. 

Relation  of  Lymph  and   Blood. 

The  volume  of  blood  in  the  body  remain;  kiMv  constant 

[f    the    amount   is   increased   by  injection   of   fluids,  al   I 
specific  gravity   is  lessened,  hut   in  a  short  time  inafcf 

minutes,  it  returns  to  the  normal.  The  excess  of  fluid  is 
of  in  two  ways:  (i)  by  the  kidneys,  which  secrete  prol 
(2)  by  the  tissues,  which  become  mure  watery  in  e< 
After  the  renal  arteries  are  ligatured,  and  the  kidm 
quently  thrown  out  of  action,  the  excess  of  water  pass* 
the  t  issoea 

On  the  other  hand,  a  deficiency  of  Mood  (for  instant**. . 
tuBmorrhage)  ia  sooti  remedied  by  ■  transfer  of  water  from  dv 
>  s  bo  the  blood  through  the  intermediation  of  the  hi. 

Formation  of  Lymph, 

Carl  Ludwig  taught  that  the  lymph  flow  is  conditioned 

factors :    first,  differences   in    the   pressure  of   the   blood 
capillaries  and  of  the  fluid   in  the  tissue  spaces,  giving   1 


LY.Ml'FI 

Ann!    through  the  capillary   walls;   nod  secondly, 
tiiciil  differenoei  between  these  two  fluids,  setting  up  otmotte 
changes  through  tlie  wall  of  the  blood  vessel, 

phenomenon   of    the   [*assajre  of    fluids    through 
<«•,  which  OOCttn  tjiiit<    Independently  of   vital  conditions,  was*  first 
by  Dut rochet.     The  instrument  which   he  employed   in  his 
is  named  nu  tMtttltr*mt>tuftrr.    One  form  of  this  represented  in  the 

graduated  tobe  expanded  Lntoanonen*niotri 

i,  over  which  a  portion  of  membrane  i*  lied,    Jf  the  bell  is*  tilled 

i  a  solution  of  a  silt — uy  sodium  chloride — and  li  Immersed  in  water,  (lie 

n  the  solution,  nnd  pa  di  will  pan  out  into  Use 

■  il  pass  into  the  solution  mm-h  more  iwpkHj 

1 1    into  the  water,  and  the  diluted  solution  will    1st 

tn  the  tube,     h  is  to  this  passage  of  fluid*  through  membrani  thai  the  term 

-    | 

die  membrane  oaed  as  a  septum,  and  its  affinity  for  the 

i   d   ti»  experiment,  have  an   important   influence,  as  might    be 

ii  tin-  rapidity  and  duration  of  the  nemotic  current    Tims,  if  a 

;ny  bladder  be  need  as  a  septum  between  water  and  alcohol, 

it  most  wilely  from  the  water  to  the  alcohol,  on  to  counl  of  tot 

affinity  of  water  for  this  kind  of  membrane;  while,  on  the 

nd,  in  the  wim?  ol  n  membrane  of  caoutel the  ftloohol,  from 

Unity  for  this  substance   wimld   pass  freely  into  the  water. 

rhe  _Mn-T.il  ijueHt >f  OMitinMiA  will  be  more  fa  tlj  diacaaaed  In  relation  to 

rork  "i  tin.-  kidney. 

If  the  lymph  is  produced  by  a  simple  ad  of  filtration,  then  the 
aim mut    i d   lymph    must    rise    and   sink    with    the 
Value  of  l> — d  ;  1)  representing  the  capillary  blood- 
ii id  d  the  pressure  in  the  tissue  spaces. 
In  support  of   tins  m< M  h ani.al   theory,   various 
workers  in  Lud wig's  laboratory   showed    that    in 
led  capillary  pressure  due   to  obatruotkm  ol 
renous  outflow  increases  the  amount  of  lymph 
formed  ;  and  that  diminution  of  the  pressure  in 
the    I  y  in  J  ih    spans,    by    wpieezing   out    the    lymph 

lously  contained  in  them,  bads  to  an  mereate 
in  the  transudation. 

(hi  the  other  hand,  there  were  some  facts  whieli 

Gould  not  he  well  explained  by  the  filtration  theory, 
among  which  amy  be  mentioned  the  action  of  curare 
in  ie  of  lymph  flow. 

Held  en  ha  in  was  the  first    fcO  fully  reOQgoise   that 
laws   of    tilt  ration   and    000)0818  as   applied    to 

dead  membranes  may  be  ooofeiderabty  modified 
when  the  membranes  are  composed  of  living  cells; 
and  be  oonaidered  that  the  Formation  of  lymph  is 
due  to  the  selective  or  secretory  activity  of  the 
endothelial  walls  of  the  capillaries.  This  so  called  vital  action  of 
endothelial  cells  is  seen  in  the  feet  that  after  the  injection 
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of  sugar  into  the  blood)  in  a  short  time  the  pen 

in  the  lymph  becomes  higher  than  that  in  the  blood,     I 

therefore,  be  some  activity  of  the  endothelial  ceil* 

the  sugar  from  the  blood  and  passing  it  on  to  the  lymph, 

Efaidenhain   is   also   the    inventor  of    the   term    />/ 
(literally  lymph  drivers).    Theseare  substances  likcci 

i    specific   action    in  an    iuci 

Seidenh&in  cor  be  majority  of  thee 

endothelial  cells  t<»  activity.     This  concksaioii, 
subjected  to  much  criticism.     In  this  counti 

taken  up  by  In.  Starling,  who  has  shown  that  ti 
of  vital  action  is  not  so  marked  as  ILidenham  supposes  it  tuL, 
Lot    tli  ir    most   of    the    phenomena  in    connection    irith 
formation  oan   be  explained  by  the  simpler 
The  question,  however,  is  just  now   much   under  discus 
without  pronouncing  a  definite  opinion  <>n*  ray  "i  tl 
may  conclude  by  stating  briefly  the  virw    ht*l<]  l>\ 
subject 

The  amount  of  lymph  produced   in  any   pat 
factors : — 

i.  The  pleasure  at   which  the   bit.**!  is  flowing    ti 
capillaries,     Heidenhain  took  tin-  arterial   pn 
ments  as  the  measure  of  the  capiilary  pressure; 
out,  very  justly,  that  this  is  incorro 

itriivs   and    the    capillaries    the    peripheral    resistance 
arteriole  a. 

2,    Tlie   permeability   of    the   capillar))     wall.       This 
enormously  in  different  regions;    it  is  greatest    in   the  h 
thai  an  Lntracapillary  pressure  which  would  const  tycnph 
hrre  is  without  effect  on  the  production  of  lymph  in  the  Lii 

The  How  of  lymph  may  therefore  be  tncraaaed  [n  r 

1,  By  increasing  the  lntracapillary   pn  This  an 
done  locally  by  ligaturing  the  veins  of  an  organ  j  o 

ting  a  large  amount  of  fluid  into  the;  circulation,  or 
injection  of  such  substance*!  as  sugar  and  salt  (Heidenhaiu 
class  of  Lymphagogues)  into  the  blood*    These  attract 
the  tissues  into  tin-  blood,  and  thus  increase  the 
circulating  fluid  and  raise  the  Lntracapillary  pioawnjiy 

2,  By  increasing   the  permeability   of  the   capillary   *»H  h 
injuring  its  vitality.     This  may   be  done  loc 

pari  ;  or  generally,  by  injecting  certain  poisonous  si 
as  peptone,  leech  extract,  decoction  of  mussels,  Ac  (Hcideu 
second  class  •<!  lymphagogues).     These  act  chiefly  on  tin 
capillaries;  curare  acts  chiefly  on  the  limb  capilhu 
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I  il  E    M'i  1  LR88   GLAKD& 

T'n  ductless  glands  bra  1  heterogi  imp  of  otgaiiS]  most 

in  function  or  development  irith  the  circula* 

iysteni.     They  include  the   lymphati  the  spleen, 

thi  ,  the  thyroid,  the  mptmrend   capsules,  the  pineal 

ly,  the  pituitary  body,  and  the  carotid  and  coccygeal  glands. 

The  function  of  a  gland  that  has  a  duet  is  a  comparatively  simple 

pbyi  1  problem,  but   the  nee  of  ductless  glands  has  I 

ti  a  puzzle  to  investigators.     Recent  research  has,  however, 

un    that    most   of,  if   not   all,    the   ductless  glands  do   form  a 

accretion,  and  this  internal  stcrvftoej,  ii  it  is  termed,  leaves  the 
i  by  tbe  venous  blood  or  lymph,  and  thus  is  distributed  and 

ministers  to  the  needs  of  parts  of  the  body  elsewhere.  Many  of 
glands  whirl!  duets  and  form  an  external  secretion, 

form    an    internal    secretion    as     well       A 1  j •  ■  •  the     liver, 

pancreas,  and  kidney  may  be  mentioned. 

In   D  ies  tin    internal   secretion   is  essential    for  life,  and 

removal  of  the  gland  thai  leads  to  d  condition  of  diw 

culminating  in  death.      In  other  eases   tbe   internal    secretion    is 
I.   or   its    place    is   taken    by   tbat    formed    in   similar 
glands  in  other  parts  of  tbe  body. 

The  body  is  a  complex  machine  ;    8*1  h  pari   Of  tin    machine  lias 

OWB    wink    to  do,    but    must   work    harmoniously    with   Other 

Its.      -lust  as  a  watch    will  BtOp  il    any  of    il*  nuiiicnuis    wheels 

feen,  so  the  metabolic  cycle  will  become  disarranged  of 

iiei  ii  anv  of  the  links  in  the  chain  break  down. 
In  unravelling  the  part  which  the  ductless  glands  play  in  this 
te,  it  is  at  present  impossible  in  many  cases  In  state  precisely 
what  the  partioular  function  of  each  is:  all  one  ran  say  is,  wben 
the  gland  is  removed  or  its  function  interfered  with,  that  the 
Metabolic  round  is  broken  somehow,  and  thai  this  upsets  the 
whole  of   the  machinery  of   the   body.      The   difficulty    Of   inVi 

ing  this  subject  is  increased  by  the  fact  that  it  is  impossible 
to  get  the  internal  ftacrotioa  is  I  state  of  purity  and  examine  it  ; 
it  is  always  mixed  with,  and  masked  by,  the  lymph  Of  blood  into 
which  it  is  poured. 

In  spite  of  this,  however,  our  knowledge  in  this  branch  of 
physiology  iu  increasing,  particularly  iti  connection  with  some  of 

theme  ductless  glandft.      The  methods  of  investigation  which   have 

been  employed  see  the  Following: — 
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i.   }  «*. — The  ^rland  in  question   it 

effect  of  tht*  absence  of  the  internal  secretion  n< 

2,  Dimtm. —  hi   ca^->    nOj  miction    of    I  i>  ra 
abeyance,  owing  to  it*                seased,  ti 

ved. 

3,  /  can — The  gland  ie  token  in  a 
tion  :    an    extract    i-    tnade   Of    ii.   and    * 
circulation   of    healthy   aniii  into    that    of   til 

I  hirh  the  ^land  h 

4,  Tran9fdii9tt<>t,<,tt. — After  U  1    is    removed   u 

luced,    tlio    sjiiur     -1  iii-1     ftmn    anottM  r   auim&l  h 
transplanted  into  the  first  animal   and    n  I   function 

looked  far. 

The  case  of  the  lymphatic  glands  sre  have  alread 
the;  d  internal  secrel  ion  whi 

toeae  furnish  the  blood  with  it*  important  siij.ph 

less  corpuscles.     Removal  of  lymphatic  glands 
other  lymphatic  glands  and  other  collectiona  nl   lymphoid  tisnt 
that    remain    behind    carry    no    the    work    of    Ukm 
removed. 

The   Spleen. 

The  Spleen  i*  the  Largeel  <«f  the  ductless  gjandi  itiwi^l 

to  the  left  of  the  stonmch,  I  ait  ween  il  and  the  diaphr. if 
is  of  a  dee])  red  dolour  and  of  variable  snap*.  Voaocla  1  □ 
leave  the  gland  at  a  depression  on  the  inner  side  called  tJh 

Structure. — The  spleen  is  emered  externally 
by  a  serous  coat  derived  from  the  peritoneum,  while  within  tin* 
is  the  proper  fibrous  ooat  or  capsule  of  t li**  organ.      Th 

led  of  connective-tissue,  with  a  large  prepotiders 
elastic  fibres  and  u   certain   proportion  of  tinstriated   ra 
tissue.     Prolonged  from  its  inner  surface  ire  tibn 
trnfacvim,  containing  much   tinstriated  muscle,  whirl)  enter  the 
interior  of  the  organ  and,  dividing  and  anastomosing  in  all 
form   ;i   supporting   framework   in  the  intersticee   of   whi 
propel  substance  of  the  spleen  (itplrm-pulp)  is  conl 

At  the   liihis  of   the  spleen,  the  blood-vessels,  in 
plmties  enter  or  leuve,  ;tnd  the  Hhroiis  eoat  is  proli 
spleen  substance  in  the  form  of  investing  sheaths  for  tie 
and  veins,  which  sheaths  again  are  continuous  with  th< 
before  referred  bo. 

The  tpleen-pulp,  which  is  of  a  dark  red  or  reddish-broil 
is  composed  chiefly  of  cells,  inibedded  in  a  network  fonm 
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nn«i  the  branching*  of  large  atiokated  osUs.    The  network  to 

vrrv  Ilk.-  ;.  ooaise  kind  01'  retiform  tissue.     The 
ot"  ihis  network  are  only  partial!}'  occupied  by  cells  and  form 
•mntunicatiug  system,     of  the  cells  some  are  granular 
imbMng  the  lymph  corpuscles,  bothintmieralappcar- 
iii' i  in  being  able  bo  perform  amophotd  movements ;  other* 
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Tip  11  mi- >  vl   I  u  -  ~[N  •  11      e,  capsule ;  ft%  trabecule ;  *i,  tw»H*!pii 

-mull  iirUru-  >m<!   i-.i]nllarfaa;  a,  artery;   f ,  tymahcrfd 
•  -li-i-tinjf  of  ckvetyupaoked  lymphoid  1 1  11.-  supported  by  very  di*ticnt<> 'n^ifann 

phi  *mce  unoccupied  bjr  eelli  (a  iiecn  fill  round  th*  trabecule,  whirl  1  mrroaptBda 
to  th<*  "  iynipti-niuh  '  in  lj  rnr«h4iti«-  gland*,      s-hothrld.) 


red    blood-oorpusolei    "f    normal   appearance    or   variously 

1  ;  while  there  are  also  hir^re  cells  containing  either  a 
pigment  allied  to  the  colouring  matter  ol  the  blood,  or  rounded 
corpuscles  like  rod  corpuscles. 

The  spies  lie  artery,  after  entering   the  spleen   l>y   its  eoneave 

divides  and   subdivides,    with    In  it    lit  I-     maatooi 
between  its  branches  ;  at  the  same  time  its  breaches  are  sheathed 


:.-:l   :v  :ll>-  gl-\m«>. 
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-  :\-  -vrY.-  oj«t-  which  they,  so  to  ijwik. 

:.    *.::.   '.z.~: TL«r  anc-rio  soon  lean-  t'be 

->r  .-.«*".  >  :Lvii  replaced  hy  une  of  Itil- 
.  .l  -.:.  -r-ij  r.rusL*i.«rk  »»f  capillaries  the 
■ :. . .  l.  •■-.'*  -si-.  «.-». »n  t  i ii uo  i  us  with  t  hi  »se  of  t h* 
T.\-  ~<::^  "f^rjin  hy  :t  similar  ojkii  set  iJ 
.-.rj-r  '.  ••:  -iw:».^  ••!  tin.-  pulp.  Thi' Tt-im 
r  ■.•-.■-_  .1*.  .»ii'i  :itiii*.ittly  unite  to  funu  tin- 
t ■.:..■-. ::-•.:.:  rwa-iily  allows  lymphoid  niii] < >tht? 
•  ::.:    ihv  "fv«»U-urnrnt. 

1  ■:.  :h-r  f.ice  ••£  a  section  of  the  spleen  csu 
:-  .»vi~:v  ^.n  readily  with  the  naked  itc. 
I:.::.--.:'.-.  -littered  rounded  or  oval  nhit'bi. 
->•>.  lii-'Mly  from  j1.,  to  ,,'„  inch  (},  to  •  »!«.! 
::,  iiitiijvT-.-r.  These  are  the  JAi//>i';//i«ui  m- 
,...»:.*  of  the  spleen,  and  are  situated  m 
!ij-.-  *he-nth«  i if  the  minute  splenic  arurie>. 
Ti.vy  are  in  fact  outgrowths  of  the  n-.itt-r 
•-•.at  "i  lymphoid  tissue  just  referred  t<»  {** 
riLr-  29 1 1.  Hit  mm!  capillaries  traverse  the  Mal- 
pijhian  corpuscle?*  and  form  a  plexus  in  their 
i:it..ri«ir.  The  structure  of  a  Malpkhinu 
enrpuscle  of  the  spleen  is  practically  i-.ier.- 
tii.-al  with  that  of  a  lymphoid  nodule. 
Fun*  ti"ns. —  TIhvm-  arc  the  following: — 

M.i  Tin-  »plci'ii.  like  the  lymphatic  glands,  is  ensured  in -'V 
i>,,  n.'itxni  i.r'r.,l*,ttt/rMs  Mi.*»i-ri,rjiM*rle*.     For  it  is  quite  certain,  tLu 

tin- 1 -I i  nt  tin  >]>li'iiii-  viiii  contains  an  unusually  laryc  pnijxirtiou 

of  wliitr  fii!-piiM:h:s  :  and  in  the  disease  termed  frMroct/thitrmm/m 
which  tin-  white  corpuscles  uf  the  Mood  are  remarkably  increase  I 
in  n11111l.tr.  then-  i>  found  a  hypcrtrophied  condition  of  thespUm. 
especially  of  the  Malpi^hiau  corpuscles.  The  white  cuqiu.-s.lo> 
formed    in   the  >pleeii   also  douhtlcss  partly  leave   that  or^an  to* 

l\  lllpllMtii'    Ve.iM'K. 

liv  MiiiiiihitiiiL:  the  spleen  to  contract  in  a  case  of  splenic 
IciicMcytha-mia  hy  means  of  an  electric  current  applied  over  it 
through  the  *kin,  the  nuiuher  of  leucocytes  in  the  hlood  is  almost 
i  1  iiiiird lately  increased. 

Keinoval  of  the  spl<  en  is  not  fatal  ;  hut  after  its  removal  therein 
an  o\er<_'rowth  of  the  lymphatic  inland*  to  make  up  for  its  alienee. 

f  2.)  It  forms  rt tf  1  hi rn I  rnrjiusrft*%  at  any  rate,  in  some  aninuls; 
in  thoc  animals,  cells  are  found  in  the  spleen  similar  to  those  »e 
have  described  in  red  marrow,  and  called  hirmiibitdtwt*.  In  the*' 
animals,  if  the  spleen  is  removed,  the  red  marrow  hypertrophic. 
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r|j><t  in  the  apiece  many  of  the 
I  the  blood,  thi  tbljj  which  b»v<    discliarged 

worn  ottt,  integration  ;   t'<>r  i>i  the 

l  portion*  of  tin-  spleen-pulp  an  abundance  <«f  such 
in    various  stages  oi  degeneration,  are   found,  and   to 
i-<  tn  which  the  destruction  of  blood-corpusi 
eaued  (peruicioua  anaemia)  iron  accumulates  in  the 
the  liver,     tt  was  formerlj  i  spleen  broke  down 


<*&&& 
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111  </'.  the  enn- 

iti  m  ith  n  -mill  wtrfy,  I  ,  «Kti f  traberuUp. 

rpnsL'lua  and  liberated  heemoglobin,  which,  passing  in  the 

ilood  of  the  splenic  vein  tn  the  liver  was  discharged  by  that  organ 

>>  bile-pigment     Hut  this  is  not  the  case;  the  disintegration  dcet 

Fur  its  t'i  actually  liberate  hc&tnoglobh) ;  there  lb  do 

hf&tnoglobin  in  the  blood  plasms  of  the  splenic  vein. 

(4.)   From  the  almost  constant  presence  of  uric  arid,  in  larger 

quantities  than  in  other  organs,  ^  wel]  as  of  tlio  Ditrogencus 

bodies,   xanthine  and   bypoxanthine,  in   the  spleen,  soi&fl  shite 

in  n*tro*ji  taMium  may  be  fair  I  v  Inferred  »<»  occur  In  it 
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(5*)  Booties  them  direct  afet*»  the  «pleett  fulfil*  «od*  ymfm 
in   Kpurd   to  the  portal  ctrraUti**i    with    whi  n  date 


f*k. 


tUtj  'a  Oncometer  for  ^iin  ;  A,  open  ;  B,  dosed. 


oountotioti,     Prom  the  readiness  with  which  it  admit 
diattuded',  and    from    the   fact    that  it  ie  wBk 

gastric   digestion    ia    going   011,   and   enlarges   when    ti 
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dedf  it  is  supposed  bo  art  as  a  kind  of  raaofilar  reeervoirf  or 
diverticulum  to  the  port*]  By  stem,  or  mure  particularly  to  the  vessel* 
<>f  the  stomach.  That  it  may  serve  such  purpose  fa  also  made 
probable  by  the  enlargement  which  it  undergoes  in  certain  affec 
tions  of  the  beart  aiul  liver,  attended  witli  obstruction  to  the 
passage  of  blood  through  the  latter  organ,  and  by  its  diminution 

when    the    congestion    of    the    portal    system    is    relieved    by    dis 

charge*  trow  the  bowels,  <>r  by  the  effusion  of  blood  into  the 
utoitiHch.  Tliis  mechanical  influence  <>n  the  circulation,  however, 
can  baldly  be  supposed  to  be  mors  than  a  very  subordinate 
Ftmction* 

fnjluemci   of  tht    Nervous  Sytttm  upon  fh<s  Spleen.     -When  the 
apta  ii  i>  enlarged  after  digestion,  its  enlargement  is  due  to  two 

(1)  a  relaxation  of  the  muscular  tissue  which   form 
large  e  pari  06  its  framework;  (2)  s  dilatation  of  the  vessels. 
Both  these  phenomena  are  under  control  of  the  nervous  system. 
It  has  been  found  by  experiment  that  when  the  splenic  nervei 
cut  the  spleen  eulai  I   that   contraption  can  be  broughl 

about  by  stimulation  of  the  peripheral  ends  of  the  divided  n€1 
It  the  splenic  nerves  are  not  cut,  contraction  is  produced  by 

(1)  stimulation  of  the  spinal  cord  ;  (2)  reHexly  by  stimulation  of 

the  centra]  stumps  of  certain  divided  nei  ragnsand  sciatic  j 

(3)  by  local  stimulation  by  an  electric  current ;  (4)  by  the  adminis- 
tration of  quinine  and  some  other  drugs. 

It  ha^  turn  shown  by  the  oncometer  of  Roy  that  the  spleen 
undergoes  rhythmical  contractions  and  dilatations,  due  to  the 

Contraction  and    relaxation   of  the   muscular   tissue   in    itfl  capsule 

and  tralieeuhe.     A  tracing  also  shows  waves  due  to  the  rhythmical 

dt (rations  of  the  general  blood-pressure. 
The  form  of  oncometer  adapted  for  the  shape  of  the  spleen 
moat    animals   is    shown   on   p.    318.      In    most    mammals  the 

spleen  is  not  kidney-shaped  as  in  man,  but  narrow  and  ribbon 
shaped.  The  general  principles  of  the  oncometer  have  been 
explained  on  pt  303*  where  it  is  mentioned  that  by  an  air  oneo- 

Deleter   5oh&fer  has  obtained  good   tracings  ;   these  show   first,  the 

targe  waves  ooenrring  about  once  a  minute,  due  to  the  splenic 

itolfl  and  diastole;  secondly,  smaller  waves  on  this,  due  to  the 
effect  of  respiration  on  the  blood- pressure  ;  and  on  these,  smaller 
w.Lves  still,  OOITespOoding   with   the   individual   heart-beats.      The 

ge  nrave8  due  to  the  splenic  contractility  still  go  on  after 
the  division  of  all  the  splenic  nerves,     These  nerve  fibres  I 

tlie  spinal  cord  in  numerous  thoracic  anterior  roots  ;  they  have 
cell  stations  in  the  sympathetic  chain  (Soh&fer)  or  semi4imur 
ganglia  (Langley). 


I  *ivr  the  meaod  jemr  ^nuittall 

budy,  stuaUci  to  the  I J 
mmm  sad  j^rd  y  in  t  bt 

i*h  aufejurt  mud  b  distinctly  lotoil 
Tbe  <Ui»l  b  surmiDdV  '  thus  capsule*  Kind 

trabecule?,    that   divide 


Wg-  »?)  —  Tnwwveiie  nection  of  a  lobule  of  an  injected  infantile  thymus  vrland.   *.  rtjnk 
of  o»nmt:tn     h-vi,,    muruti tiding  the  lobule ;  &,  m<  -nibrane  of  tbe  glandular  Nana; 
■r    ihf    lobule,  from   which   tbe  larger  blood-vessels  Are  aeen  to  i  >tw 
irdl  *n<l  mmify  to  the  ipberoddal  tna**e*  of  the  lobule.     x  30.     [UD 

into  lobes,  and   earrj  fchc  blood    and   lymph-vessels.     Th- 
truhcculirj   brunch   into  small   Dues,   which  <1t 
Inlutlrs.     The  lobules  are  further  subdivided  into  folticlee 
connective-tissue      V  follicle  (fig.  j*>5).  if 

■■    or   I-        polyhedral  in  shape,  island 

medullar)   portions,  U>tli  <»f  which  are  composed  « »t 
lymphoid  tissue,  but  in  the  medullary  portion  the  raatru 
.uid  ih  not  su  filled  up  with  lytn]  rpusciea  as  in  tL< 

in  the  lymphoid  tissue  of  the  medulla  are  theeaaacafrai 
I,    which  leafed 

unded    l>>    flattened    unci  ithelUI 

llusr   riiv  epithelial  cells  out    utt*   fan   tbe 
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In  limn  of  the  pharynx  in  prooefca  of  development     They  are 
oot  occluded  blood-vessels,  u-*  waa  at  one  time  luppoaed     They 


.  *9|.— Thjrmu*  uf  a  oalt.    »,  CorU'Jt  <«f  full,  IuIIji  ;    . -,  intcrfullirulnr  tfcsuc- 

magnified  about  twelve  times.     ( Watney.) 

iiud    on  hat    of   the   epithelial   iieeta   seeti    10    eoma 

rar  er. 

:.e  artertee  radiate  from  the  centre  of  tin*  gland.   Lymph  smuaej* 


Fig,  j'>*.— From  a  tiorizniiUl 
•n  through  mipetf- 
cial  part  of  thi*  tbyiuu* 
of  a  calf,  fllijrhtlv  magm- 
fled,      Showing    in    t>i> 
centre  n  iV»lh<-I-  "f  poly- 
^hape    with    in'mi- 
Irirh      shaped       fbUfcl  I' 
it       , Klein   and 


\  atom  "f  tht 

nmt,     -».  iwnph  ooUm; 

•  It'M  of    HarHall. 

ffitCl 


ueea-sionully  MHirroiiiitliiiy  the  periphery  ol  the  foUieles 
<  Klein).     The  nerrea  are  ?ery  minute* 

From  the  thymus  various  substancea  Diaj  be  extracted,  many 

of  them  similar  to  those  oht  a  ined   from  the  spleen,  *.;/..  xanthine, 
hypoxanthine,  and  leucine. 

K.I*  t 
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The  main  constituent  of  the  pro&eid,  and  especially 

nucleo-proteid.      Indeed  the  thymus  is  u 
source  of  nueleo-proteid  when  one  wishes  to  inject  that  into 
into  the  blood-vessels  of  an  animal  to  product  itAlly 

intravascular  clotting.     It  is,  however,  Qd  chars  of  the 

thymus,  hut  is  found  in  all  protoplasm.     The  method  of  prq 
tion  will  he  giveo  later, 

Fimction, — The  thymus  takes  part  in  producing  \hi 
corpuscles  like  other  varieties  of  lymphoid  tissue.     In  I 
animals  it  exists  throughout  life,  and  as  each  successive 
of  hibernation  approaches  it  greatly  enlarges  and  beoomai 
with    fat.      Hence  it  appears  to  serve  for  the   storing  op  IJ^ 
mil' rials  which,  being  reabsorbed  during  the  hi  rftta 

hibernating  period,  may  maintain  the  respiration  and  the  ttf** 
perature  of  the  body  in  the  reduced  state  to  which  they  fall  "luring 
that  time.        Some  observers  state  that  it  is  also  a  sen. 
red  blood-corpuscles,  at  any  rate  in  early  life. 

The   Thyroid. 

The  thyroid  gland  is  situated  in  the  neck.     It  cousin 
lobes,  one  on  each  side  of  the  trachea,  extending  itpm  t^^, 

thyroid  cartilage,  covering  its  inferior  oornu  and  part  of  its  txjdy" 
these  lobes  are  connected  across  the  middle  line  by  a  middle  U»l*^^ 
or  isthmus.       It  is  highly  vascular,  and  varies  in  sin  in  ditf«rcn^^^ 
individual-, 

Stntdurf. — The  plane!  is  encased  in  a  capsule  of  dense  areola  -*^^ 
tissue.     This  sendB  in  stroug  fibrous  trabecules,  which 
thyroid  v&iclei — which  are  rounded  or  oblong  irregular  sacs,  con^7 
sistin^  of  a  wall  of  thin  hyaline  membrane  lined  by  a 
of  short   cylindrical    or  cubical   cells.     These  vesicles  are  tilled 
with  transparent  colloid nucleo-albuminooa material.  !!<»i^  -^ 

substance  increases  with  »^e,  and  the  cavities  app> 
In  the  interstitial  connective  tissue  is  a  round  meshed  capillar 
plexus,  and  a  large  number  of  lymphatics.     The  nerves  adhe 
closely  to  the  vessels. 

In    the  vesicles   there  are,  in  addition  to  the  yellowifl 
colloid  material,  epithelium  cells,  colourless  blood-eoi 
also  coloured  corpuscles  undergoing  disintegration. 

t\nntif>iK       It   is  difficult   to  state  definitely  the  fa 
thyroid  body  :   it    is  one  of  those  organs  of  great   im; 
the  metabolic  round  .   and  us  removal  <»r  diaeaee  is  followed  \^^**V 
general  disturltauces.      It  no  doubt   forms  an   intern. A  ^^ml 

to  this  the  colloid  material  mentioned  contributes,  as  it  is  found 
I  he  lymphatic  vessels  of  the  organ, 
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When    t hi-    glaild    is   diseased    in    children    .ml    ite    function 
oblir-  is  of  idiocy  is  produced  colled  crvtitfuim. 

tie  condition  in  adulta  is  called  myxedema j    the  moot 

symptoms  of  this  condition  are  slowness,  both  of  body  nn*i 

nahid,  usually  associated  with  tremors  And  twitching*.     These  ta 

wj  a  peculiar  condition  of  the  skin  Leading  to  the  overgrowth 

fhe  snbcut&n  mea,  which  m  time  li  replaced  by  hfcj 

liair  falls  off,  the  hands  become  spade  tike;  the  whole  liorfy  is 

■Idy  and  clumsy  like  the  mind, 


--  -  - 


—A 
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Fig.  .  j;.—  Fart  Lif  M  HJOtfilD  "f  tlit ■  InUDMI  tl  ;<^  Qftptflllt;  b,  thyroid  wsielefl 

Ailed  with, ',  c*illi»iil  malwitance  ;  f,  irapportrog  ftbrooa  tuna*  ;  '/,  Nbort  eaLmniiu1  cells 
taking  .  orkric*;  f,  fthlM  tUl*-**!  wfth  Uoodj  I)  lymphatic  ve«sel  filled  with 

MUOM  ^^l^^T  IBM.        B.  K     ALcot'k.) 

-molar   condition    occurs  after    the    thyroid    is    completely 

i  -dly  ;    this  is  called  cachexia   strvmiprivQ  ,     this 

operation,  which    was  performed   previous  to  our   knowledge   of 

the    importance   <«f  the   thyroid,  is   not  regarded  as  justifrkole 

nowadaj 

Lastly,    in    many   animals    removal    of    the    thyroid    produces 

alogouB  symptoms,  in  the  overgrowth  of  the  cnumet  he-tissues 

especially  under  the  skin,  and   in  the  nervous  symptoms  (twitch- 

convulsions,  &c. 

I  I j-   term  Myxcedema  was  originally  given  under  the  erroneous 

idea  that  the  swelling  of  the  body  is  due  to  mucin.     In  the  early 
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rv*;..-.  ,:  :r.*  lin^vte  there  Ls  a  alight  ineresi&e  of  mucin,  beiauae 
^.  :.*  c'.-!*:.«::v*r-tLtea€»  eontaiu  a  relatively  large  amount  of 
\:t<  .:.  i  -  /•~ta:;ce.  tb*  rn<-*t  abundant  constituent  of  which,  next 
v    v.4-.-r.  1-  ::.i..:ii.     Hut  therv  L- nothing  characteristic  a  Wttkt 

T.v-  i>  .»v,;rY  of  the  relationships  between  the  thyroid  awl 
tr.-—  :..-r;:i  .>.!riiti-«n??  i>  especially  interesting,  liecaus*  inipw- 
:m.*.  ;rt.::_"il  r-i-vilts  in  their  treatment  have  followed  cl-.«4:  tr^ 
!?>.-  fivri-  ■■:  ».-*p?ri  mental  investigation.  The  missing  intcniJ 
v  :r- ::-■:.  ■■:  the  thyroid  may  1«  replaced  in  these  animal*  ;ud 
p=i*!e:jt-  !■;■■  jraftinjr  thv  thyroid  of  another  animal  iut*-  il* 
ai-ion.*-..  :  '«r  more  Mm  ply  by  injecting  thyroid  extract  miUh- 
tii:.i:"'i-iy  :  or  even  by  feeding  on  the  thyroid  of  other  aiiiuas. 
Thi-  rr-;-triiieiit,  which  has  to  te  kept  up  for  the  rest  ni  dr 
j»i  t  i'ri i r '«»  ] i jV.  i ?.  ent irely  .successful.  Chemical  physioli *gi*u  hivt 
Ik'.-h  -».;ircliiiiur  recently  to  try  and  discover  what  the  active 
material  in  thyroid  extract  is  which  produces  such  mam-Ik.* 
n-ult->  :  -iifie  look  upon  it  as  nucleo-proteid ;  others  as  a  cn$;:tl- 
1  i  1 1 •  ■  *  1 1  r  i ?? t  a  1 1 ce  cal led  thyrro-<in ti toxin  ( C  ^  Hi  i  X305 )  by  Fraen ktl,  it* 
ili»c«»vi.-rer:  others,  again  (Baumanu  and  Koos),  with  greater  justice, 
attribute  the  elhcacy  of  thyroid  extract  to  a  substance  they  hart 
separated  from  the  gland  and  which  stands  almost  unique  among 
physiological  corn]>ounds  by  containing  a  large  percentage  «f 
i  od  i  1 1  e  in  its  molecule.  Thyivt-itxUn  or  Ifxlo-t/t yrin ,  as  this  suk 
ntance  ha.s  been  called,  is  present  in  combination  with  proteiJ 
matter  in  the  colloid  substance. 

I  hit  whatever  the  chemical  composition  of  the  active  principle 
of  the  thyroid's  internal  secretion  may  be,  there  can  be  no  doubt 
that  its  action  under  normal  circumstances  is  as  a  regulator  of 
metahiilir  processes,  especially  in  the  central  nervous  system. 

The  Supra-renal  Capsules. 

These  arc  two  triangular  or  cocked-hat-shaped  bodies,  uu-h 
reMim:  l>\  its  lower  bonier  upon  the  upper  border  of  the  kidney 

Stntrt.itrr. — The  gland  is  surrounded  by  an  outer  sheath  of 
connective  tissue,  which  sends  in  fine  prolongations  forming  the 
framework  of  the  gland.  The  gland  tissue  proper  consists  of  an 
outside  tinner  cortical  portion  and  an  inside  soft,  dark  medullary 
portion. 

(i.)  The  vnrtivnl  portion  is  divided  into  (fig.  298)  columnar 
groups  uf  cells  (.ond  htsciruidta).  Immediately  under  the  capsule, 
however,  the  groups  are  more  rounded  (rona  glonieruloAi),  while 
next  to  the  medulla  they  have  a  reticular  arrangement  (ym 
nticul'tri*).  The  cells  themselves  are  polyhedral,  each  with  a 
clear  round  nucleus,  and  often  with  oil  globules  in  their  proto- 
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The  blo<j<l~  vessels  run  in  the   fibrous  aopta  between  the 
but  *!<>  not  penetf  aeu  tibe  pells* 
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1  thiouflh  a  portion  of  the  mrdulliiry  i>hj1  trt  th»?  pupra-rcrud  m!  jruii 

Art    \  1  .ry  nuiiivrouM.  ami  tin  Hbr»ui*  strorun  more  distinct  tnun  in 
the  cortex,  and  i-,  DMHCOVvr,  ratfadated.    The  eella  an*  irregular  and  lar^r,  clear, (  ~M 
t  from  oil  globule*.     (S.  K.  Akoek,} 
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hilhtrtf  mb$tarm  consists  of  a 
irregular  meehwork  of  fibrous  tissue,  i 1 1  the  alveoli  «*f  wh\ 
-  of  nmltinueleated  proton] 
la  ;  ami  an  ahundauce  of  nerve-fibri-   ;uid   cells*     The  «db 
are  verv  irregular  in  shape   and  si  i     hi    hi. 

branched ;  the  nerves  run  through 
anastomose  over  the  medullar;  portion. 

Tin-  ri-lls  •>!'  tin-  medulla  are  cbaracterieed 
certain  reducing  substances.     One  of  th»  ea  a  brown  >u& 

with  chromic  acid,  and  gives  other  colour  rea 
fore,   called  a  chromogtn.      Another    is    similar   in 
characters  to  jecorin,  s  Lecithin4ike  substanc  Bound  in  tW 

liver,  spleen,  and  other  organs.      It   is  the  former  of  the* 
produces  the  rise  of  blood  pre  satire  which 
the  gland  are  injected  intravenously,  and    by  inference  it  is  cue 
of  the  most   important  ooostituente  oi   the  internal  secntkB  4 
the  organ  ;  its  chemical  rjature  has  not  yet   been  satisfactorily 
determined. 

fonctiofL — The  immense  importance  of  tin 
was  Brat    indicated   by  Addison,  who,  in    1855,  point 
the  disease  now  known  by  Ins  name  j  red  with 

alterations  of  these  glands.      Tins  \\  1    experiment 

Brown  -Sim  1  uard,  who  found  a   few  veal's  later  that   1* 
supra -renal*   in    animals    is   invariably    ami     rapldlj    fatal.     TV 
symptoms  are    practically    the  .  I  though    tuor 

those  of  Addison V,  disease,  namely,  irivat    musciilui    v 
of  vascular   tone,   and    nervous    prostration.       The    | 
(bronzing)  of  the  skin,  however,  which  is  a    mark 
Addison's  disease,  is  not   seen   in   animals.      The    ex  per 
Brown -Seq  uard  attracted  much  attention  at  the  time  1 J 
formed,  but  were  almost  forgotten  until  quite 
were  confirmed  by  Abelous,  Lauglois,  S chafer, 
effects  on  the  muscular  system  are  the  must    marked 
after  removal  of  the  capsules  and  after  injection  of  an  extract  of  di 
glands.      The  effect  <>t  injecting  such  an  extract  on  tb< 
muscles  is  to  increase  their  tone,  so  that  a  tracing 
them    resembles    that    produced   bv    a    small    d*-  itirriue, 

namely,  a  prolongation  of  the  period  of  relaxation     The  effect 
on  involuntary  muscle  is  equally  marked  ;    there  is  at 

of  arterial  blood-pressure  due  chiefly  to 
arterioles.     This  is  produced  bj  the  direct  action  oi  the  eunvt 
on    the    muscular  tissue  oi  the  arterioles,   not    an   indire 
through  the  vaso-motor  centre.     The  active   chemical  ra 
in   the  extract   that   produces   the   effect    i>    either    the  r 
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i  orchr ogen  alluded  to  above, or  some  other  rabataaeti 

raited  to  it  ;  it  is  confined  to  the  medulla  of  the  capsule^  woA 

is  absent  iti  cuso  Mt"  Addison's  dis.ra>«\ 

capsules,  therefore,  form  something  which  is  distributed  to 
scles  and  is  essentia]   for  their  normal  tunc  ;   when   J  hey 

are  removed  or  diseased  the  poisonous  effects  seen  are  the  result 

of  the  absence  of  this  internal  secretion. 

rists  have  cunsiil.ercu'   thai    the  substance  which   produces 

allied  in  pyroeateeiiia  :  thi*.  however,  in  inoorrecl  ;  it  if  more 

that  flie  active  material  is  alkaloids]  iu  nature,  possibly  allied  m 

tieotiiie.  both  «>f   which   mi  Instances  produce  a   large   rise  *>t 

-Itlr, 

Whether    this  discovery    will    lead    to   the   mma    important 

practical    results  as   in   tin  »f  the   thyroid  and   myxo'deina 

-t    l»e  left   to    the    future   to  decide.      There   is  already   some 
evidence  to  show  that  injection  of  supra  -renal  extract  is  benchcial 
isee  of  Addison's  diseai 


The   Pituitary    Body, 

This    body    i^   a   small    reddish  j^rey    mass,   occupying    the   sella 
turcica  of  the  sphenoid  bone,      it  consists  of  two  lobei — -a  small 
posterior  one,  consisting  of  nervous  tissue:  and  an  anterior  Large* 
one,  resembling  the  thyroid   in  structure.     A  canal  lined  with 
I  or  with  ciliated  epithelium  passes  through  the  anterior 
e;    it   is  oonneeted  with   the   iufundihulum.      The  alveoli   are 
proximately  spherical;  they  are  filled   with    nucleated   cells  of 
-various   sizes   and    shapes    not    unlike    ganglion   cells,   collected 
>  titer  into  rounded  masses,  filling  the  vesicles,  and  contained 
in  a  semi-fluid  granular  substance.     The  vesicles  are  cm-lnsed  by 
bonnective  tissue,  rich  in  capillai 

liiiiLr  is  known  of  the  function  Of  the  pituitary  body. 


The  Pineal   Gland. 

Thii   gland,  which  is  a  small   reddish   body,  is   placed   beneath 

the  hack  pari  of  the  corpus  eallosuiu,  and  rests  upon  the  corpora 

quad rigemJ na.      It   contains  a   central   cavity   lined    with  ciliated 

epithelium.     The  gland  substance  proper  is  divisible  into — (i) 

An  outer   cortical   layer,  analogous   in   structure   to   the   interior 

of    the   pituitary    body;  and    (2)    An    inner    central    layer, 

wholly   nervous.     The   cortical    layer   consists   of   B    number  of 

1  follicles,  containing  (a)  oelta  ofl  variable  shape,  rounded, 

fated,  or  stellate ;  (A)  fusiform  cells.     There  is  alao  pn  scut 

brain-sand,  gritty  matter  consisting  of  round  particles  aggregated 

into  small  masses.      The  central  substance  consists  of  whu 
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^Try  u^tv.r.     The  >'i-ol-vesselb  are  small,  and  form  a  very  deUe&te 

Tur  ]j:i,~*1  ^Lti>1  >  the  atrophied  remains  of  a  third  eye  sit  mud 
«;*i.:n  jy.  Tii>  rye  i*  found  in  a  man?  perfect  condition,  though 
«.-"Y..-n.~i  by  -kin.  in  certain  lizards,  such  as  Hatteria. 

The  Coccygeal   and  Carotid    Glands. 

The-*:-  s-^-stlled  trkmd-  are  situated,  the  one  iu  front  of  the  tip  of 
the  coccyx  an-1  the  other  at  the  point  of  bifurcation  of  the  common 
carotid  artery  uii  each  side.  They  are  inade  up  of  a  plexus  of 
mi m ll  art»_-ri»>,  are  enclosed  and  supported  by  a  capsule  of  fibroin 
ti^ue.  which  contains  connective-tissue  corpuscles.  The  blood- 
vevsels  are  surrounded  by  one  or  more  layers  of  cells  resembling 
secret  ing-cells.  which  are  said  to  be  modified  plasma  cells  of  the 
connective-tiv>ue.     The  f auction  of  these  bodies  is  unknown. 


CHAPTER   XXIV. 

INSPIRATION. 

The  respiratory  ap]>aratus  consists  of  the  lungs  and  of  the  air- 
passages  which  lead  to  them.  In  marine  animals  the  gills  fulfl 
the  same  functions  as  the  lungs  of  air-breathing  animals.  The 
muscles  which  move  the  thorax  and  the  nerves  that  supply  them 
must  also  be  included  under  the  general  heading  Respirator/ 
System  :  and,  using  this  expression  in  the  widest  sense,  it  include 
practically  all  the  tissues  of  the  Ijody,  since  they  are  all  concerned 
in  the  using  up  of  oxygen  and  the  production  of  waste  product*, 
like  carbonic  acid. 

Essentially  a  lung  or  gill  is  constructed  of  a  thin  membrane, 
one  surface  of  which  is  exposed  to  the  air  or  water,  as  the  case 
may  he,  while,  on  the  other,  is  a  network  of  blood-vessels— 
the  only  separation  between  the  blood  and  aerating  medium 
being  the  thin  wall  of  the  blood-vessels,  and  the  fine  membrane 
on  one  side  of  which  vessels  are  distributed.  The  difference 
between  the  simplest  and  the  most  complicated  respiratory 
membrane  is  one  of  degree  only. 

The  lungs  or  gills  are  only  the  medium  for  the  excka*gt,oa 
the  part  of  the  blood,  of  carbonic  acid  for  oxygen.  They  are  not 
the  scat,  in  any  special  manner,  of  those  combustion-processes 
of  which  the  production  of  carbonic  acid  is  the  final  result 
These  processes  occur  in  all  parts  of  the  body  in  the  substance  of 
the  tissues. 
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The  Beepiratory  Apparatus. 


The  object  of 


ration  being  the  interchange  of  gases  iu  tin 

necessary   that  t 

I mt  tin   changed 


should 
them,  and   that   tin    changed  air  should   he  expelled  from  them. 
v  contained  in  the  chest  or  thorax,  which  is  a  closed 
ity    having    im    » .-ominumcatioii    with    the    outside    except    by 
respiratory  passages.     The  air  outers  these  < 
through    the  nostrils  or  through  the  mouth,  whence  it   paj 
through  the  larynx  into  the  trachea  or  windpipe,  which  alwiut 
the  middle  of  the  chest  divides  into  two  tabes,  bronchi,  00 
each  (right  and  left)  lung. 

The  Larynx  is  the  upper  part  of  the  passage,  and  will  he 

ribed  in  connection  with  the  voice. 

77/r  Trachea  and  Bronchi. — The  trachea  extends  from  the  cricoid 

cartilage,  which  is  on  a  level  with  the  tilth  Derrica]  vertebra,  to  a 

poll  its  the  third  dorsal  vertebra,  where  it  divides  into  the 

two  bronchi,   one   For   each   lung  (fig.  300).      It   measures,  on    an 

rage,  four  ok  four  and  a  half  inches  in  length  and  from  three* 
quarters  <»f  an  inch  to  an  inch  in  diameter,  and  i*  essentially  a. 
tube  of  fibroblastic  membrane,  within  the  layers  of  which  are 

imbedded  a  series  <>f  uurtilagtutai*  rings,  from  sixteen  to  twenty  in 
liumhtr.  These  ringfl  extend  only  around  the  front  and  sides 
of  the  trachea  (about  two-thirds  of  its  circumference),  and 
deficient  behind;  the  interval  between  their  posterior  extremities 
is  bridged  over  by  a  continuation  of  the  fibrous  membrane  in 
which  they  are  enclosed  (fig.  301).      The  cartilages  of  the  trachea 

and  bronchial  tubes  are  of  the  hyaline  variety. 

Immediately  within  this  tube,  afl  tin"  back,  is  a  layer  of 
uustripeil  muscular  ribrcs,  which  extends,  kxmivermty,  between 
the  ends  of  the  cartilaginous  rings  to  which  they  are  attached, 
and  opposite  the  intervals  between  them  also  ;  their  function 
Is  to  diminish,  when  required,  the  calibre  of  the  trachea  by 
approximating  the  ends  of  the  cartilages.  <  hatside  these  are  a  few 
fitrndinai  bundles  of  muscular  tissue,  which,  like  the  preceding, 
attached  both  to  the  fibrous  and  cartilaginous  framework. 

The    mucous  membrane  consists    t<>   11    great    extent    of    loose 

DOphotd  tissue,  separated  from  the  ciliated  epithelium  which 
lines  it  by  a  homogeneous  basement  membrane.     The  epithelium 

formed  of  several  layers  of  cells,  of  which  the  most  superficial 
layer  is  ciliated  ;  while  between  these  cells  are  smaller  elongated 
id  up  towards  the  surface  and  down  to  the  basement 

terobrane,     Beneath   these  are   one   or  more   layers   of  more 
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_uliirly  afa&ped  cells  (fig.  305).      Mam    <  >ertioatl  < 

f   the  goblet   vuriitv.      In  the  deeper   p 


Outline  ^honing  the  general  form 
of  the  larynx,  trachea,  ana  hronehi.  iw 
-.  .n  i !  tun  the  tj.'ht  I .  the  jn  if  onmu  of 
the  1»> ■  fei*l  boot ;  r,  epiglottis:  l*  .KUtwriur, 
and  ( .  Inferior  ■  arnu  of  the  nryroid  eutt- 
Ifefja;  c,  Diddle  "i"  Um  nrlrmfn  nnrtflifJi ; 
fr,  t\  (bowfaig  mxteen  ca 

ginouw  rings  ;  fr,  the  right,  and  b\  t  b 
bronchi!*.    (Allen  Thomson.) 


Fig.  lot,     <  nit  line  t*hoiring  the  g 

vr  trachea,   and  bronchi,  1 

ftflnfml      h,  great  comu  of  the  li 
:A    ft  the    inferi 

thyroii  ttii;  *» ] 

u  k  of  both  the  ar1  « 

areaurmour 

ridge  on  the  bock  « 
1 1.  -r  membi 

right  ond  left  bronchi. 


ictnJ 


(In-  mucous  membrane  !irc  m»my  elastic  fibres  between  wfc 
oonnective- tissue  corpuscles  ami  capillary  bl<»oil-vc> 
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N  umettma  mucous  glands  are  situated  hi  the  eubstftfiO€  erf  the 
id    membrane  «»f   the   trachea  :  their  dm  is  perforate  the 

inns  structure*  which  form  the  wall  of  the  trachea,  and  open 
jii  the  tnuooua  membrane  into  the  Interior  (fig-  302). 


Bk  rum  Of  the  trmlmi.    *,  rolumnttr  rilint."]  llJlTHl If ■  ■■ ,  ft  m»tl  r.  Murium  of 
tin?  tnueoii*  membr,ni<  .  BontMniBg  ehmtit'  titu  i.<*  cut  acrrwH  trAiu*v*T»fly  ;  4,  (Hibinurou.* 

< .irtin«  n i-  BflAOda,    ,  ■epumttd  fjrom  the  hyaline  oirtiluar^  ?.  by  Out 

flxtcmnl  inve«tnient  **f  tine  flbnrai  Haras.    {8,  K.  AJcim  k 


The  two  bronchi  into  which  the  trachea  divide*,  uf  which  the 
light    in   shorter,   broader,  and    more   bomratej   than  the  left 

300),  resemble  the  trachea  in  structure,  with  the  difference 
that  iti  them  there  is  n  distinct  layer  of  iitistripcd  muscle 
arranged  circularly  beneath  tlie  mucous  membrane,  forming  the 

ttl'tn*  On  entering  the  substance  <»f  the   lui 

the  oartilagixiona  rings,  although  they  still  form  onlj  larger  or 
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smaller  segment * 

and  sides  of  ti  iiatriuuted  impartially  to  all  [tin* 

of  their  circumference. 

,chi  divide  and  mil 
into  a  number  of  smaller  and  smaller  brs 
whkk  penetrate  into  every  part  of  th 
QQd  in  the  smaller  suMivisions  "f  the  tmgi  culled  W 

All  the 
containing  portions  of  cartilaginous  ringa,  by  irh* 
Opm,    and    unstriped    muscular   fibres,   as    well    as 
bandies  oi  They  are  lined  bj  mu  nrin* 

the    surface   of   which,    like  that  of   the   larynx    and    fend 
red  with  ciliated  epithelium,  hut  tlj 


Tig    |o,v     Trmi  iun  of  »i  bronchial  tube,  ilxral  J  inch  iu  diMiiuitcr.    ^.  »-j>»tUlma 

Immediately  beneath  it  ii  the  curium  c*f  Uie  raucous  membrane,  of 
« hiefcnea  ;  m,  niuwiilar  layer  ;  #*m.  snibruuctm*  tlSHM  ;  f,  fibrous  tissue  ;  c, 
efirkeed  uilhin  the  In  yen*  of  fibrous  tixsue ;  r;t  mucotta  gland.     (F.  E.  8chal». 


less  and  Jess  distinct  until  the  lining  consists  of  a  single  la 
short  columnar  cells  covered  with  cilia  (fig.  303).  The  pa 
membrane  is  abundantly  provided  with  mucous  glands. 

Ah  the  subdivisions  become  smaller  and  smaller,  and  then 
thinner,  the  cartilaginous  rings  becoD  r  and  more 

lart  until,  in   the  smaller  bronchial  tubes,  they  are  repret 
only  by  minute  and  scattered  cartilaginous  flakes.     When  the 
bronchial  tube*,  hv  successive  branchings,  are  reduced  bo 
.-»\.  of  »u  inch  (;6  mm.)  in  diameter  they  lose  their  cartilag 
element    altogether,   and    their    walla    are    formed    only  of  h 
fibrous  elastic  membrane  with  circular  muscular  fibre*;  iU< 
stilt  lined,  however,  by  a  thin  mucous  membrane   with   1 
epithelium,  the  length  of  the  cells  bearing  the  cilia  ha ving become 
so  (or  diminished  that  the  cells  arc  now  cubical.      Jn  the  smaller 
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bronchial  titles  rhe  muscular  fibres  an-  rwlativelj  more  abundant 
than  in  the  larger  ones,  and  form  a  distinct  circular  ooit 

> .— The  lunge  occupy  the  greater  por- 
of  the  thorax    They  arc  ol  ■  spongy  algetic  texture, end 
apo&ed  of  omneitnti  minute  air -sacs  and  on  section  every  here 
thin  the  Mf-tubn  may  be  Been  on!  acme,     Anj  fragment 
i  (unless  From  a  child  that  has  never  breathed,  Of  in  C 
disease  in  which  the  llUKg  in  water ;   ao 

ue  does  thi 

enveloped  bv  h   serous  membrane — the  pU 
t  which  adheres  cloeelv  t<»  ita  surface,  and  providee  it 
ritli  it*  emooth  and  slippery  covering,  while  the  other  adhere 

ner  surface  of  the  ehest  wall.      The  continuity  of  tin   two 


Fig.  304,— Trtnsvctve  ■ectioo  of  the  cho»t. 


which  form  ■  olo  ae  in  the  oaie  ol  other  serous 

aernbranee,  will  be  beet  understood  by  reference  to  H#.  304, 

hi    appearance  of   «  space,  however,  between  the  pleura  which 

the   limg  uid    that    which    linen   the   inner 

Of   the   chest  {parietal   layer)  is    inserted    in    the   dffcWing 

nly  for  the  sake  of  distinctness.      It  docs   not  really  i\ist.      The 

avers  are,  in  health,  everywhere  in  contaei  one  with  the  other  ; 

iml  between  them  is  only  juel  no  ranch  fluid  as  will  ensure  the 
liiin/s  gliding  easily,  in  their  expansion  and  contraction,  on   the 
iner  surface  of  the  parietal  layer,  which  lines  the  cheat-wall 

II  however,  an  opening  is  rna'i  permit  air  or  fluid  to 

niter  the  pleural  sac,  the  lung,  in  virtue  of  its  elasticity,  recoils, 
id  a  considerable  spare  is  left  between  it  and  the  cheat-wall. 
In  other  words,  the  natural  elasticity  of  the  lungs  would 


I  IMS 


tbetn  at  all  tit; 
the  couxr 


P»r.  105,— Ciliated  epithelium  of  the  human  trachea.    *t,  lay*  t  or  longitudinally  mmmi 
elartk  fibres;    a.  beaenicnt  membrane ,  <,  deepett  ctll*.  circular  in  form;  <  Die- 
mediate  elongated  cell*  ;  <,  outers 
X  350.    (KGiliker. J 

only  od  the  MMar 

admission  Of  air  into  the   pleural  U  re  l«nr 

alike  on  the  inner  and  outer  stir* 
_    ,uid  their  elastic 

recoil  is  no  longer  prevent 
Each   lung    is   partially 
divided    into 


I  niuiiul  branch   irf  n  brumhial 

tabe,  mi tli  it*  itkfundjbulu  and  air-wus, 

U 1*"  iruuir  1  n  1  kf  t  In  1 1  un  £  I  if  a  1800 
injected  wtth   quiekiflTer,     *.  terminal 
bronchial  '  hxadfbtua  and  air- 

NUW.       K   IO.      (F.    I 


Fi*.  -Two 

grnutw  of  air- 
b  *,  end  t»i«  ui 
e  t,  with  wbii.' 
niaate.    From 


w-l*jrn  child. 


called  lobes;  the  right  lung  into  three  lobes,  and   the  left  into 
two.      Each  of  these  lobes,  again,  is  composed  of  a  lai 
of  minute  purls,  called  lobules.     Each  pulmonary  lobule 
dered  to  be  a  lung  in  miniature,  consisting  as  it  does 
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inch   of  the  bronchia)  tube,  oi  -.   blood-vessels,  nerves, 

ii*l  lymphatics,  with  a  sparing  amount  of  areolar  tissue. 
On  entering  a  luluth.  the  mall  bronehial  tube,  the  structure 
which  has  just  been  described  (<i,  fig.  306),  divides  ami  mb- 

;   ita  walls   at    tin-  Kainu  time  become  thinner  ami   thinner, 

ttil  at  length  they  aw  formed  only  of  a  thin  membrane  of 

muscular,  and  elastic  tin ,  lined  by  a  layer  of  pavement 

Delhi  to    nut    provided    with  Cilia,       At   the  same  time  they  are 

it.  red  in  shape  ;  each  nf  the  minute  terminal  branches  widens 

funnel  wis. ,  and  its  walla  are  pouched  out  irregularly  into 

ill   saccular  dilatation*,  called   air-ases  (H#.   306,  i),      Such   a 

el-shaped  terminal   branch  of  the  bronchia]   tube,  with  its 

>up  »»i  pouches  or  sir-sacs,   has  been  called  an  infundibulwn 

5**  306,  307 ),  and  the  irregular  oblong  space  in  ita  centre,  with 

deli  tin  .1  mmunioate,  an  mterceltular 

The  air  sacs,  or  air-veeklee,  may  be  placed  singly,  like-  re© 

dm  tlif  intercellular  passage,  but  more  often  they  are  arranged 

en  iti  rows,  like  minute  sacculated  tubes;   so  that 

*hnrt  MTirs  of  vesicles,  all  cnminunieating  with  one  another,  Open 

ommon  orifice  into  the  tabdi     The  vesicles  are  of  various 

mna,  according   to  the   mutual    pv  which    they   arc 

ibjeot  j   their  walls  are   nearly    in   contact,  and  they  vary   from 

,Th  to  Tl^th  of  au  inch  (*5  to    3  mm.)  in  diameter.      Their  walls 

fanned  of   fine  membrane,  like  thoee  of   the   intercellular 

I  this  membnme  is  folded  on  itself  so  as  to  form  a  sharp- 

border  al  each  circular  orifice  of  ooamttiuicatiax]   bet 

>ntiguoua  air-vesicles,  or  between  the  vesicles  and  the  bronchial 

sages.      Numerous  fibres  of  elastic  tissue  are  spread  nut  bet  ween 

uous  air  sat  s,  and  many  of  these  are  attached  to  the 

trfacc  of  the   Hue  membrane  of    which   each   sac   is   composed, 

imparting  to  it  additional  strength  and  the  power  of  reeofl  after 

on.      The    vesicles    are    lined    by    a    layer    of    pavement 

epithelium  {tip.  308)  not    provided    with   cilia.      Outside   the  air 

iet work  of  pulmonary  capillaries  is  spread  out  so  densely 

(fig.  309)  that  the  interspaces  or  meshes  are  even  narrower  than 

the  vessels,  which  are,  on  an  average,  r&Veti*  of  an  inch  (8a)  in 

lhuneter.      Between  the  air  in   the  sacs  and    the   Uood    in    these 

JiflTlflil  nothing  intervenes  but  the  thin  walls  of  the  ah 

»f  the  capillaries;  and  the  exposure  "\    the  blood  to  the  air  is  the 

imiv  complete,  because  the  folds  of  snembranc  I  Dotigttoufl 

aur-sacs,  and  often  the  spaces  between  the  walls  of  the  same, 
rmtain  only  a  single  layer  of  capillaries,  both  sides  of  which  are 
thus  at  once  exposed  to  the  air.  The  arrangement  of  the 
capillaries  is  shown  on  a  larger  scale  in  tig.  217  (p.  213), 


336 


IILATION*. 


CH.  ll:i 


The  vesicle*  of  adjacent  lobules  do  not  c« «  tan. 

•  hen  any  bronchial  tube  ia  cloned  or  ol»* 

bi  h^t  for  nil  the  amca  openi  Of  it*  bran 


Flg\  )<>«,— Section  of  lung  stained  with  nilver  rutmU.  AD.,  (Uvn)lm  duct  ur  iotcraM 
fNunage  ;  S.  alveolar  aepta  ;  N+  alveoli  or  air ~*nca,  linod  with  Iaiv*-  flat  crfla,  »itfi  «i 
mailer  j.-.i\in-.l!-:ii  '.■11m;  m  plain  moacnlaj  Buti  Hinoundiog  '-in  ai*«*»lu  fci 
i  Klein  and  Noble  Smith.) 


Blood-iupply. —  Tho  lungs  receive   blood    bran   two  aoraw* 
(a)  the  pulmonary  the  bronohiaJ  aruries.     Tin 

>  blood  to  the  lungs  to  be  arterialitrt^  an 
blood   takes  no  share  in  the  nutrition  of  the   pulmonary  tissw 
through  which  it  passes.     The  branches  of  the  bronchial  arteno 
convey  arterial  blood  from  the  aorta  fur  t lie  nutrition 
of  the  bronchi,  of  the  larger  pulmonary  vessels,  of  the  inter 
connective-tissue,  ifec;  the  blood  of  the  bronchiaJ  veaaelfl  is  r 
chiefly  through  the  bronchial  and  partly  through  the  pulmonary 
veins. 

Lymphatic*. — The  lymphatics  are  arranged    in    three  - 
i.    Irregular  lacuna?  in  the  walla  of  the  alveoli  of  air  nam     Hi 
lymphatic    vessels    which    lead   from    these   accompany    the  pul- 
nmuary  vaaoeh  towards  the  rout  o!  the  lung.      2.    Irregular  aua> 
tomoaing  spaces  in  the  walla  of  the  bronchi.      3.   Lymph 
in  the   pulmonar}    pleura.      The  lymphatic  vessels 

liar  sinusos  pass  in  towards  the  root  of  the  lung  to  reach  the 
iroiichiaJ  glands. 


ttffc — The  nerves  of  t lie  lung  are  to  be  traced  from  the 
i   posterior  pulmonary  plexuses,  which  are  farmed  by 
a  of  the  vagus  and  sympathetic     The  nerves  follow  the 
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r  network  off  tin*  jiiilmonArv  bill  I  III  1l— ill  in  thefcuinnn  Lung. 
(K5UH 

of  the  vessels  and  bronchi,  and  in  the  walls  of  the  latter 
y  email  ganglia  are  situated. 


eapt 


The  Respiratory  Mechanism. 


simtion  consists  of  the  alternate  expejieiof]  and  contraction 

he  thorax,  by    means  of  which    AIT  IS   drawn   into  Of  expelled 
»  the  lungs.     Tht'M  .irt>  in  i  rilliil   hts^wition  and  Expirtiti*m 

ely. 
or  the  inspiration  of  air  into  the  longs  it  is  evident  that  all 
,  is  necessary  is  such  a  movement  of  tile  side  walls  or  floor  of 
chest,  or  of  both,  that  the  capacity  of  the  interior  shall  be 
rw«L  By  such  increase  of  capacity  there  will  be  a  diminution 
he  pressure  of  the  sit  in  the  lungs,  and  s  fresh  quantity  will 

■r  through  the  larynx  and  trachea  to  equalise  the  pressure  00 
inside  ami  outside  of  the  chest. 

"mi-  the  expiration  of  air,  on  the  other  hand,  it  is  aho  evident 

,  by  an  opposite  movement  which  shall  diminish  the  capacity 
be  obeat,  the  pressure  in  the  interior  will  be  increased,  and 

will   be  expelled,  until   the    pressure   within   and    without   the 
tt  are  again  equal.      In  both  eases  bhe  air  passes  through  the 

hea    and    larynx,    whether  in   entering   or  leaving  the   Inn  —  , 
e   being   no  other  communication    with   the    exterior   of   the 
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body  ;  and  the  lung,  for  the  same  rcaa*  j  :  nil  0* 

u  stances  described,  rioafJj   in   contact   with    the   »alW  u*i 
floor  of  the  chest.     To  speak  of  expansion  of  the 
also  of  expansion  of  the  lun^.      The   moveii  the  lung  an 

tore  passive,  ii  .  and  depend  tm  ibe  I *h  tngesof  dbpt 

of  the  cloned  cavity  in  which  they  are  contained, 
of  the  chest-wall  would  mean  that  the  tttng  ia  that  nde  mwMoo 
longer  be  of  similar  injury    cm    th 

pneumothorax)  would  i  th.       if    th 

pleura  were  adherent,  those  portions  of  the  lung  would  be  i 
most    where    the    movements  of    the    che-t     nine    greatest     TV 
existence  of  the  two  layers  prevent-    thfe,    ml    'I, 
sqtiaily  expanded  throughout. 

Inspiration. — The  enlargement  of  tin.*  obeal   in   inspiration* 
a  muscular  act  ;  the  effect  of  the  action  of  th  muscta 

is  an  increase  in  the  size  of  the  ch»  i)  in  the  raw 

and    (6)   in    the    lateral    and    anteroposterior     diametenv     Tin 
muscl  iged    in   ordinary   inspiration    are    the   dia] 

the  external  intercostal*  ;   puts  of  the   internal  intarcosta 
levatores  oostarutQ  ;  and  serratus  posticus  super 

(tt.)  The  v&rtiool  diameter  ol  the  chest  is  increased  bv  the  a^ 
traction  and  consequent  descent  of  the  diaphragm;  at  rest,  ito 
diaphragm  is  dome-shaped  with  the  convexity  upward 
oentral  tendon  forms  a  slight  depression  in  the  middle  of  the 
dome.  On  contraction  the  muscular  fibres  shorten  an*i 
convexity  of  the  double  dome  is  lessened.  The  central  tendon, 
which  was  formerly  I  as  remaining  fixed,  is  drawn  do*ui 

certain  distance,  hut  the  chief  mnvrmt  tit  is  at   the  skies, 
effective  action  of  this  muscle,  its  attachment   to  the  Iowa 
kept  fixed  by  the  contraction  of  the  rpiudratus  lumboniQt,     Tbf 
diaphragm  is  supplied  by  the  pkrmfc  nrrvi-, 

(ev)  The  increase  in  the  laiend  tad  ">' 
the  chest  is  effected   bj  the  raising  of  the  ribs,  the  upper ona 
being  tixed  by  the  soatetii.     The  greater  number  of  the  rih» 
attached  very  obliquely  to  the  spine  and  sternum. 

The  elevation  of  the  ribs  takes  place  both  in  front  and  at  the 
sides — the  hinder  ends  being  prevented  fmni  perform] 
upward  movement  by  their  attachment  to  th«>  spine.  The  mow* 
nient  of  the  front  extremities  of  the  ribs  is  of  i 
panied  by  an  upward  and  forward  movement  of  the  stSfDOPfip 
which  they  are  attached,  the  movement  being  greater  at  the 
lower  end  than  at  the  upper  end  of  the  latter  bone, 

Th*    04   i      r    rotation  in   these   movements  are  two;  one 
spending  with  s  line  drawn  through  the  two  articulation^ 
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b  form*  with  the  s|pjnr  (oj  /,,  Bg.  ;io):  bum!  the  other  with 
u  from  one  of   i  I   of  rib)  to  bhc  sternum 


|Io)j    the   motion   of   the   ril*   armimi    ll  >\\\^ 

somewhat  after  tUe  fashion   of    raising   the    handle    of    a 


Fi*.  ,if.— Diagram  of  moTJUunfcof  I  nl«  fa  n  -j;<  iii<m. 

be  rievttaoQ  of  the  ribe  la  efcecompa&ied  by  a  rtigbi  opening 

Of    the  VBgk    which  the   bony   part   f-irrim  with   it*  etftibgfl 


(fig.  311,   A);    and   thus  an   additional    means   b   jaw* 
tbe  aaienvpnterior  diameter  of  the  ch> 

The  ammclm  bj  which  tbe  riba  are  raised,  in  ordinary  qw* 
fnayiralioo,  afe  tbe  tstermol  tmlfrcomtaU*  aiwl  that  portion  tif  u* 
intermtd  inUrtx*tai*  which  it  situated  between  tbe  costal  canikgci, 
and  tbeae  ate  assisted  bv  tbe  fr  «#*trw«*,  and  the  jotoIm 

Tbe  action  of  tb<  «•  and  the  *rnihu  * 

very  simple-     Their  fibre*,  arising  fn*m  the  spine  as  a  fiir 

obliquelv  downwards  and  forwards  to  Use  ribs,  and  neco- 
«ariljr  raise  the  latter  when  thev  con  timet.  The  action  of  the 
intercostal  muscles  Is  not  quite  so  simple,  inasmuch  as,  pasnar, 
mere] j  from  rib  to  rib,  they  seem  at  first  sight  to  have  no  6j<d 

towards  which  they  can  pull  the  bones  to   which  tl 
attach 

In  tranquil  breathing,  the  expansive  movements  of  thi 
if  the  ch'  ater  than  those  of  the  upper.     In  fared 

inspiration,  on  the  other  hand,  the  greatest 
appears  to  be  m  the  upper  anteroposterior  diameter. 

In  t rtr,,onliioirt/  or  forced  inspiration,  as  in  violent  exerc 
1  which  there  is  some  interference  with  the  due  1 
of  air  into  the  cheat,  and  in  which,  therefore,  strong 
necessary,  other  muscles  than  those  just  emimer  pita&oi 

into  service.      It  in  impossible  to  sepia  rate   by  ;i    bar*  J  -:tn  i-fast  line 
the  muscles  of  ordinary  from  tho.se  ol 

but   there  is  no  doubt  that  the  following  are  but  little  used m 
r&piraUjry  agents,  except    in  eases  in    which    unusual   etf 
required — 'the  xtnwjmnHtoirf,  the  srrmtm 
and  the  trapt  tins,    laryngeal  and  face  muscles  also  come  if 

The    eipansiOD    Of     the    chest    in     inspiration      presents   *Htt 
peculiarities  in  different  persons.     In  young  children,  it  is 
chiefly  bv  the  diaphragm,  which  being  highly  arched  in 
tion,  becomes  flatter  us  it   contracts,  and,  descending,  presses 
the  abdominal   viscera,  and   pushes  forward  the  front  waJlt 
abdomen.     The    movement  of   the  abdominal    walls  bet] 
more  manifest  than  that  of  any  other  part,  it  is  usual  to  1 
the  attdominal  type  of  respiration,     In   men,  together  wi 
descent  of  the  diaphragm,  and  the  pushing  forward  of  tl 
wall  of  thi    abdomen,  the  chest  and  tbe  sternum  are  sftbif    ' 
wide  movement  in  inspiration  (inferior  cottetf  type).      In 
the  movement  appears  less  extensive  in  the  lover,  and  mop 
the  upper,  part  of  the  chesl  (superior  aortal  type). 

There  are  also  differences  in  different    animals.      frj 
for  example,  the  air  is  forced  into  the  lungs  bv  tl 
floor  of  the  mouth,  the  mouth  and  nostrils  1  .cd. 
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Expiration. —  Prom  the  enlargement  produced  in  inspiration, 
the  chest  and  lungs  return,  in  ordinary  tranquil  expiration,  by 
their  elasticity  ;  the  force  employed  by  the  inspiratory  muscles 
iti  distending  tin  md  overcoming  t he  elastic  resistance  of 

the  lungs  and  chest-walla,  is  returned  as  an   expiratory    effort 
-when  the  mtiaoles  are  relaxed.    This  elastic  recoil  of  the  cheat  and 

IttBgfl  is  sufficient,  in  ordinary  quiet  breathing,  to  expel  air  from 

the  lungs  in  the  intervals  of  inspiration,  and  no  muscular  power 

is   requiredL     In  all  voluntary  expiratory  efforts,  however^  as  In 

Baking,  singing;  blowing,  and  the  like,  and  in  many  involunl 

•us  ;ilso?  as  sneezing  coughing,  &&,  something   more  than 

merely  pa»l?Q  elastic  power  is  necessary,  and  the  proper  expira- 
tory muscles  arc  brought  into  action.  By  fur  the  chief  of  il 
are  the  abdominal  museles,  which,  by  pressing  on  the  viscera 
of  the  abdomen,  push  up  the  Hour  of  the  chest  formed  by  the 
diaphragm,  and  by  thus  making  pressure  on  the  lungs,  expel  air 
fmui  them  through  the  trachea  and  larynx.  All  muscles,  however, 
which  depress  the  ribs,  must  act  also  us  musolefl  0!  expiration, 
and  therefore  vve  must  nmelude  that  the  ubdontinal  muscles  are 
assisted  in  their  action  by  the  interosseous  part  of  the  interned 
kUeftoitalq  tin  h t.uttjufnri*  rimu,  the  9erratut  pn»tiru*  uf/m'*>t\ 
and  gwubvtos  lumborum*  When  by  the  efforts  of  the  expiratory 
muscles,  the  chest  has  been  squeezed  to  less  than  its  aTerage 
diameter,  it  again,  on  relaxation  of  the  muscles,  returns  to  the 
normal  dimensions  by  virtue  of  its  elasticity.  The  construction 
of  the  chest-walls,  therefore,  admirably  adapts  them  tor  recoiling 
against  and  resisting  as  well  undue  contraction  as  undue  dilatation. 
In  the  natural  condition  of  the  parts,  the  lungs  can  never 
6dHtoOt  to  the  utmost,  but  are  always  more  or  less  "on  the 
stretch/'  being  kept  closely  in  contact  with  the  inner  surfa.ee 
of  the  walls  of  the  chest  by  cohesion  as  well  as  by  atmospheric 

mi tv,  and  can  contract  away  from  these  only   when,  by   BOOM 
ins  or  other,  us  by  making  an  opening  into  the  pleural  cavity, 
or  by  the  effusion  of  fluid  there,  the  pressure  01  1  the  exterior  aiid 
Ulterior  of  the  lungs  becomes  equal. 


Methods  of  recording  Respiratory   Movements. 

The   movement*  of   respiration  may  be  1 toed   jrmphically  in  h 

-.     <  Mie  method  is  to  introdure  a  tube  into  the  trachcu  of  ;ni  Animal, 
to  connect   thta  tube  bj   Borne  gutta-percha  tubing  with  1  f-j 
Introduced  Into  the  cork  of  1  large  bottle,  the  other  end  of  the  J  ba 

of  tubing,  which  can  remain  open  01  can  be 

].,-uHaUy  or  completelj  closed  by  means  of  ■  ucrew  clamp,     [nto  theoort  is 

•  -ml  piece  *«f  glass  tubing  connected  with  a  Karey's  lanitmar 

t»y  suitable  tubing,    This  second  tube  communicates  any  alteration  of  the 
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|»r«- — ^n  i .    in  tii.'    l«  *T  I  !••  Tt»  I  In-   tainl.Mur.  ami    'hi-   in.iy  U-    mkk  !••    In  wn'^ma 
rtfi.riini^r  mm  fare 

There  are  various  instrument.*  for  recording  the  movements  of  the  chest  by 
application  of  apparatus  to  the  exterior.  Such  is  the  stethogTaph  of  Burdon- 
Sanderson  (fig.  313).  This  consists  of  a  frame  formed  of  two  parallel  steel  bars 
joined  by  a  third  at  one  end.  At  the  free  end  of  the  bars  is  attached  a  leather 
■trap,  by  means  of  which  the  apparatus  may  be  sus|)cnded  from  the  neck. 
Attached  to  the  inner  end  of  one  bar  is  a  tambour  and  ivory  button,  to  the 
tad  of  the  other  an  ivory  button.  When  in  use,  the  apparatus  is  suspended 
With  the  transverse  bar  posteriorly,  the  button  of  the  tambour  is  placed  on 
Ike  part  of  the  chest  (he  movement  of  which  it  is  desired  to  record,  and  the 
Other  button  is  made  to  press  upon  the  corresponding  point  on  the  other  side 
of  the  chest,  so  that  the  chest  is,  as  it  were,  held  between  a  pair  of  callipers. 
■  The  tambour  is  connected  by  tubing  and  a  J-piece  with  a  recording  tambour 


I  I  II  Hill  1  II  MMMl  1  inn  »  1  in  1  1  1  it  1 

nng  of  the  normal  diaphragm  respirations  of  rabbit,    a,  wit] 
Lrum.    ft,  with  alow  movement.    The  upstroke*  reprenent  ii_ 
don  nstroketi,  expiration.    To  be  read  from  left  to  right.    (Marckwald.) 


Jig.  j  1 4.— Tracing  of  the  normal  diaphragm  respirations  of  rabbit,    a,  with  quick  move- 
ment of  drum,    b,  with  slow  movement.    The  upstroke*  reprenent  inspiration;  the 


and  with  a  ball,  by  means  of  which  air  can  be  squeezed  into  the  cavity  of 
the  tympanum.  When  in  work  the  tube  connected  with  the  air  ball  is 
abut  off  by  means  of  a  screw  clamp.  The  movement  of  the  chest  is  thus 
communicated  to  the  recording  tambour. 

A  simpler  form  of  this  apparatus  consists  of  a  thick  india-rubber  bag  of 
elliptical  shape  about  three  inches  long,  to  one  end  of  which  a  rigid  gutta- 
percha tube  is  attached.  This  bag  may  be  fixed  at  any  required  place  on 
the  chest  by  means  of  a  strap  and  buckle.  By  means  of  the  gutta-percha 
tube  the  variations  of  the  pressure  of  air  in  the  bag  produced  by  the 
movements  of  the  chest  are  communicated  to  a  recording  tambour.  This 
apparatus  is  a  simplified  form  of  Marey's  stethograph  (fig.  311). 

The  variations  of  intrapleural  pressure  may  be  recorded  by  the  introduction 
of  a  cannula  into  the  pleural  or  pericardial  cavity,  which  is  connected  with 
it  mercurial  manometer. 


BKSPtRATJi 

tmomd  nomihie  in  r«H»< 
i^crtkxi  tif  an 
tambour   into  the  abdncjen  belov  it  f  phrenogTaph  | 

•  inn.  ttifierciit  part*  of  it*  sir 
wf  caobtol  rtrif  ■•  »-rf  the  riiaf  ihragra. 
the  liptiMteru*!  cartilage  mar  be  detail**!,  and    . 

*erer.    This  method  waa  Urprly  1.  ■ 
•»  a  mmphc  of  the  drnphragm. 

*  »P-  5U  ******  a  trariag  obtained  in  tin*  mm;  '  -*k*L  i 

a  -r«-t  U^T*i«h.  or  any  of  the  numerous  irmn  p  which 

a^died   to  the  cheat-walk  of  men  and    animal.*. 
aiofcesdue  to  the  respiratory  moremeiitt  have  nppn  them  smaller  wa\  a 
n.  heart-*  • 

The  acts  of  expansion  and  contraction   of    ti 
under  ordinary  circumstances  a  nearly    equal    time.      T 
inspiring  air,  however,  especially  in  women  and  child 
shorter  than  that  of  expelling  it,  and   there   is   commonly  a 
slight  pause  between  the  end  of   expiration   and   the  begiunii 
of  the  next  inspiration.     The  respiratory   rhythm  ma; 
expressed  : — 


Inspii 

Erpi  rati  tut 


kd  u*r. 


If  the  ear  >>e  placed  iu  contact  with  the  wall  of  the  che*t,or 
separated  hoax  it  only  I  ndtictoff  of 

scope,   a   faint  ray  MKNfar    tfMirmttjr    tfl    heard  dui 

inspiration.    This  sound  varies  somewhat  in  different  parts — 1 
loudest  or  coarsest  in  the  neighbourhood  of  the  trachea  and 
bronchi  (tracheal  and  bronchial  breathing),  and  fading  off 
faint  sighing  as  the  ear  is  placed  at  a  distance  from  th 
cular  breathing).     It  i*   best  beard  in  children,  and  in  them 
faint  murmur  is  heard   in   expiration   also.       The    cause   of  tw 
oular  murmur  has  received  various  explan 
rers  hold  that  the  sound   is  produced    by   the  air 
through   the  glottis   and    larger  tubes,    and    that    this 
modified  in   its  conduction   through   the  substance  of  the  \w\ 
The   alterations   in    the   normal    breath    sounds,   and    the   \ 
additions  to  it  that  occur  in  different  diseased  conditions, en: 
be  properly  studied  at  the  tiedside. 

Respiratory  movement*  of   the    tfottrili    and   >>r    tkt    Gfattkr- 
During  the  action  of  the  muscles  which  directlv  draw  sir  >i 
chest,  those  which   guard   the  opening  through    which  it  6DH0 
are   not   passive.       In    hurried    hreathing   the   in  ijjlui 

tion  of  the  nostrils  is  well  seen,  although    under  ordi 
ditioug  it  may   not   bo  noticeable-      The  opening    at 
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*rt   of  tht*  Iar\n\    or   lihiit  gbttidsi     ia  slightly  diluted  at  each 

spiration    for  tho   more   ready  el   eir,  wad    becomes 

nailer  at  each  expiration ;  its  condition,  therefore,  corresponds 

hiring  respiration  with  thai  of  the  walls  <>F  the  cb  it     There  is 

further  likeness  la?tsveeu  the   two  acts  in   that,  under  ordinary 

In    dilatation  of   the   rima   gloitidis   is  a  muscular 

vt  and  it-  narrowing  chiefly  an  elastic  recoil, 
Terms  used  to  express  Quantity  of  Air  breathed. — 
/or  ff&li  air  in  tin  quantity  ol  air  which  is  habitually 
id  almost  uniformly  changed  in  each  art  of  breathing.  In  a 
lealthj  adult  roan  it  is  about  20  cubic  inches,  or  about  300  ccm. 
It  will  be  seen  thai  this  amount  of  air  is  not  nearly  Biaffieieat  to 

ill    the  lungs;   in   fact    it   only  paroro  into  the  Upper  respiratory 

i  he  air  finds  its  waj  into  the  alveoli  by  the  much  slower 
cess  of  diffusion,    the   oxygen   diffusing  downwards,   and   the 
rbonio  acid  diffusing  upwards. 

b.  Complemented  air  is  the  quantity  over  and  above  this  which 
111    b€    drawn    into   the   lungs   in   the   deepest    inspiration  ;    its 
-in it  varies,  hut  it  may  be  reckoned  as  100  cubic  inches,  or 

aliout    [,600  rem. 

/;  <  r  of  tvppltmmtol  air, — After  ordinary  expiration,  such 
as  that  which  expels  the  breathing  or  tidal  air,  a  certain  quantity 

tir,  ahout  too  cubic  inches  (t>6oo  can.)  remains  in  the  Inn--, 
which  may  be  expelled  h\  1  forcible  and  deeper  expiration.  This 
is  tenoed  reterve  or  supplemental  tuir. 

cL    Re&idvdl  trh  is  the  quantity  which  still  remains  in  the  lunga 

-1  violent   expiratory  effort     Its  amouni  depends  in 

great   measure  on   the  absolute   Bias  **\    the  chest)   but  may  he 

irnated  at  about  too  cubic  incbeij  or  about  1,600  c<m,  to 
2.000  com. 

The   total    quantity  of    air  which    passes  into  and   out  of   the 

lungs  of   1111  adult)   at   rest,    in    24    hours,    varies   from   400,000 

(Marcet)  to  680,000  (Hutchinson)  cubic  inches.     This  quantity; 

however,  is  largely  increased  and  may  he  more  than  doubled  by 

I  ion. 

//   or    Vital   Capacity*    -The    respiratory   or    vital 

of  the  chest  is  indicated  by  the  ipcmtitv  Ol  air  which  a 

rson  can  expel   from  his  lungs  by  a  forcible  expiration  after  the 

peal  inspiration  possible.     The  average  capacity  oi  an  ailult, 

at  15*4     C.  (60     F.),  is  about   225  to  250  cubic  inches,  or  3,500 
to  4,000  cciu.     U  is  the  SUSQ  oj  tin  I  COCO]  elemental,  tidal,  and  supple 

The  rr*}tiratortf  capacity,  n»r  as  John  Hutchinson  called  it.  rifti 

n;ill\  ijm  l-iih  t  m  a  rood i fled  gasometei  01  im%remeter%  into  which  Mni 


r.-.-v 


3.sl-?:2jlT1*'*S.  "cn.ixiv. 

■.t*  -  VjV*.  :r    ~Zr:     X»>sr     p-T»".  V  ■*!.£*■  I    '.-xpiration   ymik 

—  r:     .-;•.-■.-.  s-     r>tr    .-iuri^y  ••!  air  which  i*  tfcb 

-.  _-•  -     •    "a"*-:  ".7  "irf  h-^irr."  ■:••  which  the  air-chamber 

«  i-..     --rr.««.r_"-    *  i  --*.'*  :-".v-eil   in  <Y>nnetfk4i  ir.:a 

:_   '.:.-.   ^i•T:^^•^.■r7   «»j«icii  v    vsiries  chiefly  with 

y  H  .:..r.iiji".«i-  fnxn  whom  innest  of  our  infonua- 
■.:  .-  irrlv^i  :h*t  at  a  temperature  of  154  (.'. 
.*!  .L^r.-s-  is  :he  a  ventre  rifci/  or  respiraturr 
v.v  >-r-y>:i.  hv-.-  feet  seven  inches  in  height 


/  .r*.t  :*?.i+.r,  ^f.  -.mo  ?hr  .imt>*at  ,»f  rt*j»ir*it»tr9f  fajMU'ity. — Forever? 
r.'  '  f  •.■  .•/'.*  h'm ■:*:  t.  •  -*Ar.  i.»rd  if.-  •■A|«city  i*  increased.  *m  an  averagt 
'.;.   •..':.•   «■.-.     .:.•:.—  :  -i:.-:  :->r  »,-v..-rv  inch  laelow.  it   is  tliiniiiisiietl  br  the 

'J !.«-.  :.r.  .*'..-  ■:  *  ir*'.yht  r.  Th*r  ':ai«ae;ty  of  respiration  is  less  manifest  ood 
"•!i-.«j":af#.-  *r..*ir.  •:.*■  <-.f  Lv.irhT  :  and  it  is  difficult  to  arrive  at  any  definite 
'■••ff".-.-.Mi-  '»:.  ♦:..-  j^.ifit.  because  the  natural  average  weight  of  a  heal:hy 
iii.ni  ;n  ;<;h*j<i!i  •».  -'rtfiiH  r.H.-  n.-t  yet  been  determine*  1.  As  a  general  state- 
in'-riv  .^.A-rrvr.  ;f  may  \r  -hv\  rhat  the  ca|iacity  of  respiration  i*  not  affect*] 
b;.  w<-;/nt-  'iri'W-r  1G1  |m>iiii'U.  or  ill  stones  :  but  that,  above  this  point. its 
«l:r/i./n-h'**l  at  th<-  ra*»:  nf  ..in-  cubic  inch  for  every  additional  pound  np  to 

l</>  \ftMlu\-  «ir   14  -»"li';-. 

I'.v  /////.  1  hi-  capacity  i*  increased  fmm  about  the  fifteenth  to  the  thirty, 
fifth  year,  sit  the  rati;  of  five  mbic  inches  |»cr  year  :  from  thirty-five  to  saty- 
fiv  ii  dimim-hi*.  itt  the.  rate  of  about  one  and  a  half  cubic  inch  per  year:- 
thiit  tin-  rapacity  of  respiration  of  a  man  of  sixty  years  old  would  beatoct 
jo  cubic  iiifhi**  h-«^  than  that  of  a  man  forty  year?  old,  of  the  same  hei(rf>t 
;ni<l  weight. 

#s#m-.  Tin-  vitnl  rapacity  «>f  an  adult  man  to  that  of  a  woman  of  the  saw 
ln-n/ht  i^  10  to  7. 

Tin*  mi  in  fir  r  of  respiration*  in  a  healthy  adult  person  usually 
nine's  from  14  to  18  per  minute.  It  is  greater  in  infancy  and 
childhood.  It  varies  also  much  according  to  different  circum- 
stances, such  as  exercise  or  rest,  health  or  disease,  «fcc.  Varia- 
tions in  the  number  of  respirations  correspond  ordinarily  with 
similar  variations  in  the  pulsations  of  the  heart.  In  health  the 
|anpnrtion  is  about  1  to  4,  or  1  to  5,  and  when  the  rapidity  of 
the  heart's  action  is  increased,  that  of  the  chest  movement  is 
commonly  increased  also;  but  not  in  every  case  in  equal  propur- 
tiou.  h  happens  occasionally  in  diseji.se,  especially  of  the  lungs 
\m  air  pMssa^rs,  thai  the  nuiuher  of  re*j*ii*itfny  acts  increases  in 
•pucker  proporiiun  than  the  beats  of  the  pulse:  and,  in  other 
alVeetions,  nmrh  more  eommoniy,  that  the  uumlter  of  the  pulse- 
bcats  i>  .'reaier  in  proportion  than  that  of  the  respirations. 

/ ' '. .    / '  ■  ■ "  /  '■  \.   •  •  ? '  ■     - 1  •* ■  /   Er/n'rn t<*rv  Mu*clr*. — The  force 

\\\\\\    \\\\w\\   the    in>pii:iti>v\    mu^eles    are    capable   of    actiog  is 

-icst    ::■•   •:*.;:*  itiuaN   .<:    Tin    iu-i^ht   of  from   five   feet  seveij 
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inches  to  five  feet  eight  inches,  and  will  elevate  a  column  of 
nearly  three  inches  (about  60  mm.)  of  mercury.  Above  this 
height  the  force  decreases  as  the  stature  increases ;  so  that  the 
average  of  men  of  six  feet  can  elevate  only  about  two  and  a  half 
inches  of  mercury.  The  force  manifested  in  the  strongest  expira- 
tory acts  is,  on  the  average,  one-third  greater  than  that  exercised 
in  inspiration.  But  this  difference  is  in  great  measure  due  to  the 
power  exerted  by  the  elastic  reaction  of  the  walls  of  the  chest ; 
and  it  is  also  much  influenced  by  the  disproportionate  strength 
which  the  expiratory  muscles  attain,  from  their  being  called  into 
use  for  other  purposes  than  that  of  simple  expiration.  The  force 
of  the  inspiratory  act  is,  therefore,  better  adapted  than  that  of 
the  expiratory  for  testing  the  muscular  strength  of  the  body. 
(John  Hutchinson.) 

In  ordinary  quiet  breathing,  there  is  a  negative  pressure  of 
only  1  mm.  during  inspiration,  and  a  positive  pressure  of  from 
2  to  3  mm.  mercury  during  expiration. 

The  instrument  used  by  Hutchinson  to  gauge  the  inspiratory  and  expira- 
tory |K>wer  was  a  mercurial  manometer,  to  which  was  attached  a  tube 
fitting  the  nostrils,  and  through  which  the  inspiratory  or  expiratory  effort 
was  made. 

The  greater  part  of  the  force  exerted  in  deep  inspiration  is 
employed  in  overcoming  the  resistance  offered  by  the  elasticity  of 
the  lungs. 

In  man  the  pressure  exerted  by  the  elasticity  of  the  lungs  alone 
is  alxmt  6  mm.  of  mercury.  This  is  estimated  by  tying  a  mano- 
meter into  tfie  trachea  of  a  dead  subject,  aud  observing  the  rise  of 
mercury  that  occurs  on  puncture  of  the  chest-walls.  If  the  chest 
is  distended  beforehand  so  as  to  imitate  a  forcible  inspiration,  a 
much  larger  rise  (30  mm.)  of  the  mercury  is  obtained.  In  the 
body  this  elastic  force  is  assisted  by  the  contraction  of  the  plain 
muscular  fibres  of  the  alveoli  and  bronchial  tubes,  the  pressure  of 
which  probably  does  not  exceed  1  or  2  mm.  Hutchinson  calculated 
that  the  total  force  to  be  overcome  by  the  muscles  in  the  act  of 
inspiring  200  cubic  inches  of  air  is  more  than  450  lbs. 

It  is  possible  that  the  contractile  power  which  the  bronchial 
tubes  and  air-vesicles  possess,  by  means  of  their  muscular  fibres, 
may  assist  in  expiration  ;  but  it  is  more  likely  that  its  chief 
purpose  is  to  regulate  and  adapt,  in  some  measure,  the  quantity 
of  air  admitted  to  the  lungs,  and  to  each  part  of  them,  according 
to  the  supply  of  blood :  the  muscular  tissue  also  contracts  upon 
and  gradually  expels  collections  of  mucus,  which  may  have 
accumulated  within  the  tubes,  and  which  cannot  be  ejected  by 
forced    expiratory    efforts,   owing   to   collapse   or   other    morbid 


J4* 


U*riftATf< 

«if  bin*  connected   with  the  «MwtrnSa4 

Nervous  Mechanism    of  Respiration. 


In  the  cental  I 
•Wirt  died  the 
which  travel  down  the  sp 
thee 
fibres,  the 


system    there   is    a   specialised  soiQ 
cr»/r*.       This   ^i%es  out  in  ; 
cord  to  the  bra 

rles  of  respiration.     It  also  recene 
important  of  which  ai- 


of  the  vagus.    The  vagus  i*  an 

to  respiration.     It,  horn  ever,  also  is  in  a  minor  drgiw 
for  it  supplies  the  muscular    tissue    of   the  lung 
tiruncbial  tubes,  and  exercises  a  trophic  influence  on  the 

The  respiratory  centre  was  discovered  by  Flourens ; 
at  the  tip  of  the  calamus  scriptorius,  and  almost  exactly  coincide* 
in  position  with  the  centre  of  the  vagus.      The  e\ 
aidUry  respiratory  centres  in  the  spinal   cord    has  been  moouA 

the  balance  of  experimental  evidence  is  against  their 
Flourens  found  that   when  the  respiratory   c< 
respiration  at  once  ceases,  and   the  animal    dies        H 
called  it  the  "  viul  knot  ■  (noeud  vitale). 

The  centre  is  affected  not  only  by  the  afferent   imp 
reach  it  from  the  vagus,  but  also  by  those  froit 
tfiit    we  have  a   limited   amount  of   voluol 
respiratory  movement. 

The  sensory  nerves  of  the  skin  have  also  an  effect?    The  action 
of  the  sold  air  on  the  body  of  a  new-born  child  is  t  the 

principal   afferent  cause  of  the   first   respirations.       I  luring  fata! 
lin  i  of  the  embryo  for  oxygen  nnall,  and  is.i) 

nut   by   the   transference  of   oxygen   frum    the    maternal    I 
through  the  thin  walla  of  the  foetal  capillaries  in   the  placenta. 
The  application  of   rtiU\    water   to  the  skin  es  a  deep 

inspiration;    this    is   another   instance  of   the    reflex    effect    si 
follows  stimulation  of  the  cutaneous  nerves,  d  at  ion  of  the 

central  end  of  the  splanchnics  causes  expiration.      Stimulatiooof 
the  central  end  of  the  glossopharyngeal  d  inhibition  of  thij 

mpiratory  movementa  for  a  short  period;  this  account* 
wry  necessary  cessation  of  breathing  during  swallow  imi 

lathm  of  the  central  end  of  the  cut  superior  laryngeal  nerve,   r 
of  its  terminations  in  the  mucous  membrane  of  the  Lai 
uhi'ii  a  crumb  ia  "swallowed  the  wrong  way/'  produces  inhil 
■  vT  inspiratory  and   increase  of  expiratory  efforts,  culminating  to 
coughing, 


^ 


INSPIRATORY     NKIiVKS. 


These  nerves,  however,  are  none  of  them  in  constant  action  as 

ji  are,  and  the  influence  cri  Hi.  somewhat  oompli- 

ttoii.     Still,  respiration  continues  after  tiie  Tig]  in  oat.     The 

character  of  the  respiration  becomes  altered,  especially   if  both 

ves  are  severed  ;  it  is  slower  and  deeper.     The  animal,  how* 

r,  lives  a  considerable  time  ;  a   warm  blooded  animal   usually 

<lie*i  after  about  r  week  or  ten  days  From  pagut  pnewnonioj  due  to 

.oval  of  trophic  influences  from  the  longs*     Coid-blooded 

:n;*ls  live  longer;  they  exhibit  fatty  degeneration  of  the  heart 

dao, 

stion  has  been  much  debated  whether  the  aotivil 

jir;ifur\    centre   is  automatic  or  reflex;  that  is  to  say, 

whether  the   rhythmic   discharges    proceeding    from    it   depend 

irely  on  local  changes  induced  by  the  condition  of  its  blood 

supply,  or  on   the  repeated   stimulations  it  receives  by  afferent 

There  appears  every  reason  to  believe  that  the  centre  haa  the 
pow.  i    of  automatism,   lint   this   is   never  excited  under  normal 
circumstances.     Normally  the  respiratory  proem  ta  i  aeries  of 
■  ions. 

in  favour  of  the  automatic  activity  cif  the  centre 
-  he  following  : — 

[f  the  spinal  cord  is  cut  just  below  the  bulb,  respiration 

ept  in  the  case  of  the  facial  and  laryngeal  muscle, 

which  are  supplied  by  nerves  that  originate  above  the  point  of 

ury.      The  ahe   nasi  work  vigorously.      Such  respiration  is  not 

■  the  in   drawing  any  air  into  the  chest,  and   90  the  animal 

>U  dies;    but  the  forcible  effort!  of  these  fflfMOlafl  show  that  the 

respiratory  eeutre  is  in  a  state  of  activity  sending  out  impulses  to 
them.      If  the  two  vagus  nerves  arc   cut,  these  movements  con 
tinue  ;  this  shows  that  afferent  impulses  from  the  vagus  are  not 
essential     As  the  blood  l  more  venous,  the  mme 

become  more  pronounced.     The  question   has  been   much 
debated  whether  this  increased   activity  of  the   respiratory  centre 

is  due  to  increase  of  carbonic  acid,  or  decrease  of  oxygen  in  the 
blood  which  it  receives.  The  balance  of  evidence  shows  that 
the  diminution  in  the  oxygen  is  the  more  important  factor  of 
the  tWOv 

i2.)   In  asphyxia)  one  always  gets  great  increase  of  respiratory 

ii, ,  called   dyspntra ;  this  is  produced  by  the  stimulation  of 

itre    by  venous  blood.      It  is   not   due  (or  not  wholly  due) 

11  of  the  venous  blood  on  the  terminations  of  the  vagi 

in  the  lungs,  as  die  same  phenomenon  occurs  when  these  nerves 

are  cut ;  and,  moreover,  dyspnoea  takes  place  if  the  venous  blood  is 
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.  -.--:•■  ,.r  .!./.r  ir.P/Uirh  the  brain  alone,  and  uot  through  th* 
..:_'•  .-.-  "..'..  ¥'tr  instance,  it  ensue*  when  localised  veuotdtyof 
:;.■  •  !-.-.-i  .-  pr»-ifiwi  in  the  brain  by  ligature  of  the  carotid  aid 
..; »-*!»■  r  r»!  .%rv:ri»r"- 

B  »\  ir  >•-:>.•!>;  stated,  the  normal  activity  of  the  respirator* 
•>•:.•  r».-  i-  i.'.-t  -1  .toui.itic.  it  is  reflex,  and  the  principal  afferent 
•.-(jii.T.vl  >  rti-_-  vacru*.  The  way  in  which  it  works  has  l>eeu  made 
o  .».  «-f  r-:«:»;iit  years  by  Mnrckwald,  Heriug  aud  Head.  The 
io I  lo  *  i  1 1  -j  i  -  a  "r  >ri c f  r?>M #/•*' « »f  H ead 's  rvsul  ta. 

Hi-  iiivth'.-i  of  recording  the  movements  was  by  means  of  thai 
<;<iijY>:!ii'.-:it  -lip  <;f  the  diaphragm  which  is  found  in  rabbits  (*t- 

P-  344  • 

HU  method  of  dividing  the  vagus  was  by  freezing  it;  belaid 
it  acro*t  u  copper  wire,  the  end  of  which  was  placed  in  a  freezing 
mixture.  Thin  method  is  free  from  the  disadvantage  which  a  cut 
with  :t  knife  or  v.Usors  possesses,  namely,  a  stimulation  at  the 
moment  of  section.  On  dividing  one  vagus,  respiration  became 
slightly  slower  and  deeper:  on  dividing  the  second  nerve,  ths 
effect  was  much  more  marked. 

On  exciting  the  cent  nil  end  of  the  divided  nerve,  inspirator? 
efforts  increased  until  at  last  the  diaphragm  came  to  a  standstill 
in  the  inspiratory  position.  But  if  a  weak  stimulus  was  employed, 
the  reverse  was  the  case;  the  expiratory  efforts  increased,  inspira- 
tion becoming  weaker  and  weaker,  until  at  last  the  diaphragm 
stop]>ed  in  the  position  of  expiration.  This  result  always  follows 
stimulation  of  the  superior  laryngeal  nerve. 

Most  of  these  facts  were  known  previously,  but  the  interpreta- 
tion of  them,  in  the  light  of  further  experiments  immediately  to 
lie  described,  is  the  following: 

That  there  are  in  the  vagus  two  sets  of  fibres,  one  of  which  pro- 
< luces  an  increased  activity  of  the  inspiratory  part  of  the  respira- 
tory ((Mitre,  and  the  other  an  increased  activity  of  the  expiratory 
part  of  that  centre.  Stimulation  of  the  first  stops  expiration  and 
produces  inspiration  ;  stimulation  of  the  second  does  the  reverse. 

The  i p lest  ion  now  is,  What  is  it  that  normally  produces  this 
alternate  stimulation  of  the  two  sets  of  fibres?  If  we  discover  this 
we  shall  discover  the  prime  moving  cause  in  the  alternation  of  the 
inspiratory  and  expiratory  acts.  It  was  sought  and  found  iu  the 
alternate  distension  and  contraction  of  the  air-vesicles  of  the  lungs 
where  the  vagus  terminations  are  situated. 

In  one  series  of  experiments  jmntive  ventilation  was  performed ; 
that  is,  air  was  pumped  repeatedly  into  the  lungs,  and  so 
increased  their  normal  distension:  this  was  found  to  decrcasi- 
the  inspiratory  contractions  of  the  diaphragm,  until  at  last  they 
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cea»ed  altogether,  and  the  diaphrag               still  in  the  expiratory 
position  (fi^.  315,   \i 

In  11  second  teriee  of  experiments,  m^olMM    twfiftfaCfo*'   « 
performed  ;  t hut  is,  the  air  was  pumped   repeatedly  out  »d~  the 

'^w,  and  a  condition   of  collapse  of  tlie  air  -vesicles  produ 
s    was   found    to   increase  the   inspiratory   contraction!  of   the 
diai                 expiration    became    less    and    less,  and   at   last   the 
diaphragm    assumed   the  position  of   inspiratory    standstill  (fig. 

3 '5-  ID 

Dtflten8iOU   0!   the   air  vesicles    therefore    stimulates    the    tihr 
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::.-  r-.z,.  :>.  To  .y.-n-ihion.  called  <i/'ipra,  is  not  due, 
•.-..-  -.">»—-:.  ••»  'V-i-oxy  ^nation  of  the  Mood,  Ut 
r:  r-.Ti-ri.y.  I:  i-  •. 'reserved  if  in  tit  gases,  like  nitrogen 
;♦::..  ^r-r  -*r-:  :i*«:**i  »:.f  air.  The  pause,  however,  is 
-- r.  *>-.  ::.r  '  l"»>i  f-woa&es  venous,  and  in  a  short  time 
t  •.:.-.-  r-r-T'.rtr-r.-  oriitn.-  to  aetivitv. 


Special  Respiratory  Acts. 

'."'/>/'//«'«•/. —  I:.  :hv  *•„*:  of  coughing  there  is  first  of  all  a  deep 
iii-pint-.:*.-:..  :■  •!;•..-*  ~i  by  an  expiration:  but  the  latter,  instead  of 
htiug  K^y  an-i  i'.x interrupted,  as  in  normal  breathing,  is  ob- 
!?trncv."-l.  th-.-  ^1  '•:::«!  being  momentarily  closed  by  the  approxima- 
tion of  Ui<:  v-r-il  cord*.  The  abdominal  muscles,  then  strongly 
act  in:?.  p>h  >;p  the  viscera  against  the  diaphragm,  and  thus 
i link'.-  pn.--ur*  on  the  air  in  the  lungs  until  its  tension  is  sufficient 
to  noi-ilv  op»n  the  vocal  cords  which  oppose  its  outward  passage. 
In  th i-  way  considerable  force  is  exercised,  and  mucus  or  any 
"T.fi*r  manor  that  may  need  expulsion  from  the  air-passages  is 
•  prickly  and  sharply  expelled  by  the  outetreaniing  current  of  air. 
Th«:  art.  I.-  a  reflex  one.  the  sensory  surface  which  is  excited  heitur 
the  in  i  u-i>t  ir»  men  thru  ne  of  the  larynx,  and  the  superior  laryngeal 
nerve  i->  tin-  afferent  nerve ;  stimulation  of  other  parts  of  the 
inspiratory  mucous  membrane  will  also  produce  cough,  and  the 
point  of  bifurcation  of  the  trachea  is  specially  sensitive.  Other 
sensory  Mirfaccn  may  also  act  as  the  **  ni'jnnl  surface''  for  a  cough. 
Thus,  a  cold  draught  on  the  skin,  or  tickling  the  external  auditory 
meatus,  in  some  jieople  will  set  up  a  cough. 

The  i  p  test  ion  has  been  discussed  whether  such  a  thing  as  a 
stomach  cough  exists  :  it  has  not  Iwen  produced  cxperiuieiitully, 
but  there  is  no  reason  why  irritation  of  the  gastric  mucous  mem- 
brane, supplied  as  it  is  by  the  vagus,  should  not  cause  the  reflei 
act  of  coughing. 

Sim.iinj.  The  same  remarks  that  apply  to  coughing,  are 
almost  exactly  applicable  to  the  act  of  sneezing;  but,  in  this 
instance,  the  blast  of  air,  on  escaping  from  the  lungs,  is  directed, 
by  an  instinctive  contraction  of  the  pillars  of  the  fauces  and 
descent  of  the  soft  palate,  chiefly  through  the  nose,  and  any 
offending  matter  is  thence  expelled. 

The  "signal  surface"  is  usually  the  nasal  mucous  membrane, 
but  here,  as  in  coughing,  other  causes  (such  as  a  bright  light)  will 
sometimes  set  the  re  Hex  going. 

Iliwnwjh  is  an  involuntary  sudden  contraction  of  the  diaphragm 
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causing  an  inspiration  which  is  suddenly  arrested  by  the  closure 
of  the  glottis,  causing  a  characteristic  sound.  It  arises  from 
gastric  irritation. 

Snoring  is  due  to  vibration  of  the  soft  palate. 
Sohfting  consists  of  a  scries  of  convulsive  inspirations  at  the 
moment  of  which  the  glottis  is  partially  closed. 

Sinking  ami  Yawning  are  emotional  forms  of  inspiration,  the 
J**.fcter  associated  with  stretching  movements  of  jaws  and  limbs. 
jT*liey  appear  to  l>e  efforts  of  nature  to  correct  by  au  extra  deep 
1  Aspiration,  the  venosity  of  the  blood  due  to  inactivity  produced 
■>,y  ennui  or  grief.  Their  contagious  character  is  due  to  sympathy. 
Among  abnormal  disturbances  of  the  nervous  mechanism  of 
-*-*^8piration,  the  following  diseases  must  be  mentioned :  laryn- 
gismus stridulus,  asthma,  and  whooping  cough. 

Chcyne-Stokes  mpirntion  is  due  to  rhythmical  activity  of  the 


Fig.  .116.— Cheyne-Stokea  respiration.     After  Waller.} 

^«spiratory  centre.  It  reminds  one  somewhat  of  the  Traube- 
irlering  waves  due  to  a  similar  rhythmical  activity  of  the  vaso- 
^ttotor  centre.  It  is  seen  in  many  nervous  diseases  and  in  fatty 
^legeneration  of  the  heart  A  typical  tracing  of  the  condition  is 
^iven  above  (fig.  316).  It  is  seen  to  a  slight  extent  during 
^Drdinary  sleep,  and  is  very  marked  in  hibernating  animals. 

The  effect  of  Respiration  on  the  Circulation. 

As  the  heart,  the  aorta,  and  pulmonary  vessels  are  situated  in 
the  air-tight  thorax,  they  are  exposed  to  a  certain  alteration  of 
pressure  when  the  capacity  of  the  latter  is  increased  in  inspira- 
tion ;  for  although  the  expansion  of  the  lungs  tends  to  counter* 
balance  this  increase  of  area,  it  never  does  so  entirely,  since  part 
of  the  pressure  of  the  air  which  is  drawn  into  the  lungs  through 
the  trachea  is  expended  in  overcoming  their  elasticity.  The 
amount  thus  used  up  increases  as  the  lungs  become  more  and 
more  expanded,  so  that  the  pressure  inside  the  thorax  during 
inspiration,  as  far  as  the  heart  and  great  vessels  are  concerned, 
never  quite  equals  that  outside,  and  at  the  conclusion  of  inspira- 
tion is  considerably  less  than  the  atmospheric  pressure.     It  has 
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that  the  amount  of  the  pressure  used  up  a  tk 
way  abonre  described,  varies  frum  5   or   7  cum.  of  mm-nrj 
the  pause,  to  jo  mm.  of  mercury  when  the  lungs  are 
the  end  of  a  deep  bupiratina,  so  that   it  will  be  understood 
the  pressure  v>  which  the  heart  and   great  vessels  are  eub^tel 
diminishes  an  inspiration  progresses,  and   at  imttm  a  le» 

br  jo  mm,    than   the  normal  pressure,    76c   mm.  uf  tnerciin 


Fig,  31 7. —  Diagram  of  an  appurutu*  illustrating  the  effect  of  inspiration  upntfcrfcci 
ana  great  Teasel*  within  the  tin  mix,     I,  the  thorax  at  nwt  ;    II.  * 
repro*ent«  Che  diaphragm  when  relaxed  ; 


o,  repnwenU  the  diaphragm  when  relaxed  ;    d\  when  contracted    rt  mnk  h  * 
membered  that  thi»  position  is  a  mere  diagram  ,  <.'.,  when  the  capaerljr  of  tb*  &uai 
lit  pnlarged  ;  u.  the  heart;  v,  the  veins  entering  it,  and  a,  the  nort» 
and  h.'f  L  lung ;  t,  the  trachea ;  m,  mercurial  manometer  in  ronnecticm  with  pfc*a 

The  11 *W  in  the  capacity  of  the  box  representing  the  thorax  ia  te«>  to  dikwi> 

heart  a*  well  aa  the  lungs,  and  bo  to  pump  in  blood  through  v ,  where**  th* -i.» 
prevent*  i-rl-x  through  s  Tin-  position  of  the  mercury  in  u  fthows  also  tat  m<*m 
which  in  taking  pi  nee.    { Lundoi*. ) 

It    will   be   understood    from    the   accompanying  diagram  chat 
if    there    were    no   lungs    in   ihe    oh  est,    and    its    capacity  vm 
increased]  the  effect  <>f  the  increase  would  be*  expended  in  j 
blood  into  the  heart  from  the  veins.      With   the   lungu 
they  are,  during  inspiration  the  pressure  outside  the  heart  mil 
great  vessels  is  diminished,  and  they  have  therefore  n  teudenrv 
fund    iiik-i    to   diminish    the   intra- vascular    pressure    The 
diminution   of   pressure   within   the   veins    passing    to    th 
auricle  and  within  the  right  auricle  itself,    will 
into  the  thorax,  and  s<>  assist  the  circulation.     This  sui 
is  independ(  nt  <if  the  suction  power  of  the  diastole  of  tin 
ahonl   which  we   have   previously  spoken.      Ti 
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ore  blood  into  the   right  auricle  will,  win 

10  amount  pawing  through  the  righl  ventricle,  which  also  exert 

similar  suction  actum,  and  through   the   Lungs  into  the  tsf 

iricle  . * i n  1  ventricle,  and  thus  into  the  aorta.     This  all  tends  U 

ase  the  blood-pressure.    Tin  cried  of  the  diminished  press  ur 

the  pulmonary  vessels  will  aleo  help  towards  the  same  end 

an  increased  Row  through  the  lungs,  so  that,  us  far  as  tin 

cart  and  its  veins  art1  concerned,  inspiration  increases  the  blood 

ressure    in    the   arteries.      The    effect   of    inspiration    upon    tin 

orta,  ami    its   branches   within   the   thurax,  would    be,    hnwevei 

utrarv  ;  for  as  the  pressure  outside  is  diminished,  the  vessel 
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if  iiS.  — Comparison  of  bload-prewtire  curve  with  mine  of  intra- thoracic  pressure       T 
be  read  from  loft  to  ri(r1it.  |    a  i»  the  i -urve  of  blood -preainire  with  it*  respiratory  umlu 
latiotu",  ttu>  *duwer  beats  on  tin  descent  being  very  marked ;    b  i-  Oi-    ■  nm    ai  intra 
thoracic  pre«*ure  obtained  by  connecting  one  limb  of  a  manometer  witb  the  pl«*un 
cavity.     Inspiration  begins  at  i  and  expiration  tit  ■,     The  intxa-thoraric--  pressure  ri-* 
rery  rapidly  after  the  cessation  of  tin*  inspiratory  effort,  and  then  slowly  fall*  an  th 
air  iaaucs  from  the  chest ;  at  the  beginning  of  the  inspiratory  effort  the  fall  beeome 
more  rapid .      M .  Foster  ) 

ould    tend    to  expand,  and   thus   to  diminish  the  tension  of  th 
lood  with  lit  them,  but  inasmuch  as  the  large  arteries  are  eapabl 
f  little  expansion  beyond  their  natural  calibre,  the  diminution  o 
m  arterial  tension  oaused  by  this  means  would  be  insufficient  u 

otinteract  the  increase  of  blood- pressure   produced   1  > v  the  etTec 
f  inspiration  upon  tlie  veins  of   the  chest,  and  the  balance  of  th 
rhole  action  would  he  in  favour  *if  an  increase  of  blood-pPeiSBlf 
Bring  the  inspiratory   period.     But   if  a  blood-pressure  tracing 
C    taken   at   the  same  tunc   thai    th*'  respiratorv  imncments ar 
recorded,  it  will  be  found  that,  although  speaking  generally 
ie  arterial  tension  is  tnoreised  during   inspiration,  the  maxhunu 
f  arterial  tension  does  not  correspond  with  the  asms  of  Insplra 
on   (ti^.    318).     In   fact,   at   the  beginning   of  inspiration   th 
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the  capacity  of  tbe  the*  * 
re  returns  to  the  mrail, 
cjiiaJ  to  the   numirsph*  ru    pre*>in 
via*  In  t«>  increase  tra-TascuUr  ut\ 

am 

Mood  into  tbe  left  aide' of  tbe  heart. 

blood-prame,  lit  tbi*  at  almost  exactly  )«iuu>  -:  awn 

lanr  increase  of  arterial  tension    eating 
citra-vaMiiUr  preanre  of  the  aorta  and  hir  .  a,  * 

art  erka)  tension  Is  u*  4  much  affected 
Thus,  ordinary  expiration  does  not    prndi 
to  tbe  circulation,  n»  even  when   th*-   expire 
norarie  pressure  m  leas  than  tl 
The  effect  of  violent  expiratory  eff» 
action  in  ug  the  current   of   t. 

leness  of  the  face  fr- 
ion  Wing  prodaced  by  pre>- 
vessels. 

sutmnar  lechanical 

blood-pressure  therefore,  and  say  that  iuspirnl 

n-1  *o  increases  the  arterial  ten-  tt  akin- 

lly  aid  tbe  circular 
condition*  neither  dof*  it  obstruct    it.       I 
ditkms,    however]   as    in    violent    <  >u,     rh* 

ledly  obstructed. 
We  have  seen,  however,  that  there  is  no  < 
between   the    point    of    highest    blood-pri 
inspiration,  and  we  must  suppose  that  there  are  other 
fact ow,  such,  for  example,  as   the    effect    of    the   abdominal  axm> 
ments,  both  i t i  inspiration    and  expiration,  upon    the  arteries  and 
voitii  within  the  abdomen  and  of  the  I-  tremitiei 

influence  of  the  varying  intra-thomcic  pressure  upon  the  puhnonan 
vowcln,  both  of  which  ought  to  be  taken   into  oonai 

the  first  of  these,  the  effect    during   ins 
cavil j    of    the   abdomen    is  diminished    by    the    descent  of  lb 
diaphragm— should  be  two-fold;  on  the  one   hand,  bio 
be  sent  upwards  into  the  chest   by  compression  of  the  rem  eavi 
Inferiof    >  it i  the  other  hand,  the  passage  of  blood  doAmwawh  fro© 
bbi  oheet  in  the  abdominal  aorta,  and  upwards  in  tl.  ftbfl 

Extremity,  would  be  to  n  certain  I     Ju 

rv  expiration  all  this  would  be  reversed,  but  if  the 
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nolea  are  violently  contracted,  u  in  nxtanardhwty  expiration, 

,.    u  fleet  will  be  prodtteed  a«  liv  inspiration.     The  etteei 

of  the  varying  intra-thoracic  preeeure  whioh  occur* during inspira- 

i  upon  the  puhnunarv  vessels  is  to  produce  an  initial  dilatation  of 
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— Traube-HerineV  eurve*       To  be  read  from  left  t<.  right,      The  etirvea  r. 
*  arc  portions  ■elected  from  one  continuous  tracing  forming  the  record  of  a  pro- 
n,  so  th.it  the  several  curve*  repT*>ent  successive  stage*  of  the  wpe 
nr     Kn>  h  r-urre  ia  placed  in  it* proper  i  t«e  line,  whieh 

1  ;  thi  bloodHpTeaviire  rise*  in  stages  fmm  i  t^n  *t  j,  and  4,  but  falls  ngnm  in 
urve  1  is  taken  from  »i  period  when  ■rtifldsj  reapfratkm  wan  being  kept  up, 
the  vagi  having  been  divided,  the  pulsations  on  the  aa)BtBl  and  descent  of  the  miliu- 
ms do  not  differ  ,  when  artificial  rmg&nlaaB  canned  these  undulation*  for  a  while 
disappeared,  and  the  blood -pressure  row  -tt«\i.1i3y  while  the  heart-heat**  became  slower. 
Soon,  a*  at  t,  new  undulation*  appeared  :  a  little  later,  the  bhxxl -pressure  wo*  mill 
fining,  the  heart-beat*  artill  slower,  but  the  undulation*  still  more  obvious  V  :  *till 
later  '1  ,tbe  pressure  waa  still  higher,  but  the  heart- beat*  were  quicker,  and  the 
undulations  flatter,  the  pressure  then  begun  to  fall  ray  d  eoatinued  to  fall 

until  mm*  time  after  artinVia!  renpirntioii  wa*  remaned.     <\l.  Font' 


both  arten  and  veins,  and  tins  del&ya  For  a  abort  time  the  parage 
«,f  KI<km1  towards  the  left  aide  of  the  heart,  ami  the  art* 
falls,  but  the  fall  of  blood  pressure  is  aoon  followed  by  a  steady 
rise,  since  the  flow  is  inereaaed  by  the  initial  dilatation  of  the 

leels  :    the  converse  is  the  ease  with   expn  ni-ii.        A  8,  liowwcr, 

the  pnlmooaij  veins  and  capillaries  are  mora  easily  dilatable  than 
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the  pulmonary  artery,  the  greater  di- 

of  blood  at  inspiration  proceeds,  whilst  vpinvUou,  ex«j* 

at  its    beginning,    this  property  of   theirs   acts  'ppnetv 

direction,  and    diminishes   the   flow.      Thus,  at    the  he. 

inspiration   the  diminution  of  bloc  >aunrD(*»l 

during  ejepir  mthmed,  but  after  a   tin 

is  succeeded  by  a  steady  rise;  the  reverse  pm*. 

tion — at  first  a  rise  and  then  a  fall. 

The  effect  of  the  nervous  system    iu  producing  rhvt 
alterations  quite  independent  of  the  mechanically  caused  mutila- 
tions of  the  blood -pressure  is  twofold.     In  the  first  pine*  tl 
inhibitory  eentn  is  stimulated  during  the  fall  of  ssure. At»i 

produces  a  slower  rate  of  heart-beat,  which  irill 
tracing  (fig,  318,  p.  355  ;  see  also  fig.  270,  p.  282).     The  undalilkai 
'luring  the  decline  of  I ilood- pressure  are  therefore  longer  l 
frequent,     litis  ♦•fleet  disappears  when,  by  section  of  the  va- 
inflii*  in  1  of  the  centre  is  cut  off  from  the  heart  (6g.  319, 1 ).    i 
second  place,  the  wuo-m&U  -ends  out  rhythmical  imputa. 

by  which  undulations  of  blood  pressure  are  produc  ode 

pendeut  of  the  respiratory  undulations.      The 
centre  to  produce  such  undulations  is  demonstrated    l»y  the  eia* 
ence  of  the  Traube-Hering  curves,  which  w  •  1  ready  studied 

(p.  299),  hut  of  which  we  give  here  an  it  figure  ffig. 

It  is  probable  that  the  normal  respiratory  undulations  on  ah 
pressure  rmve  are  id  great  measure  produced  in  a  similar  way. 


Asphyxia, 

Asphyxia  may  be  produced  iu  various  ways  :  for  example,  k 
the  prevention  of  the  due  entry  of  oxygen  into  the  blood 
by  direct  obstruction  of  the  trachea  or  other  part  of  tl 
ratory  passages,  or  by  introducing  instead   of  or< 
devoid  of  oxygen,  or  by  interference  with  the  due   iir 
gases  between  the  air  and  tin.  iil< km b 

The  symptoms  of  asphyxia  may  be  divided  into  thn 
which    correspond  with  the  stages   of  the  < 
usually   recognised;    (1)   th<-    stage    of   exaggerated    breathing; 
(2)  the  stage  of  convulsions  ;  (3)  the  stage  of  exhaustion. 

In  the  ?/>>/  ntagt  the  breathing  becomes  more  rapid  and  ; 
same    time   deeper   than    usual,  the    inspiration    at   first  being 
especially  exaggerated   and   prolonged,     The  muscles  of  exuv 
ordinary    inspiration    are  called    into  action,  and   the    effort  t« 
respire    is  laboured    and   painful.      This   is    soon    foil 
similar  increase  in   the  expiratory   efforts,  which    become 


I 


XSVIW  Xl.\, 


359 


l-Iv  prolonged,  being  aided  by  all  tin  wia  ctraordinary 

l&ra t ion.      During  this  stage,  which  la*ts  a  varvin^  time,  from 

minute   upwards,  according  as  the  deprivation  u   is 

«len  or  gradual)  the  lips  become  blue,  the  eyes  aw  prominent, 

the    expression    intensely    anxious.      The    prolong!    lespni 
accompanied  by  a  distinctly  audible  Bound  ;  the  muai  I 
the   chest    stand   out  as  dlstJDOt    run  Is.      Thi>   ad 
hides  the  two  conditions  hyperpnfra  (excessive  breathing)  and 
(difficult  breathing)  which  follows  later.      It  is  clue  to  the 

ingly  powerful  stimulation  of  the  inspiratory  centra  by  the 
Ay  venous  b!ood, 
hi    the   second  Hagey  which  is  not   marked  distinct 

hi  narration    from  the  first,  the  violent  expiratory  efforts 
convulsive,  and  then  give  way.  in  men  and  other  warm- 
led    animals,   to    general    convulsions,    which    arise  from    the 
ther  stimulation  of  the  centres.      Spasms  of  the  muselcs  of  the 
\y  in  general  occur,  and  not  of  the  respiratory  muscles  only.     The 
iTulsive  stage  ia  ft  short  one,  and  lasts  less  than  a  minute, 
he  <  t>\  or  stage  of  efhaxutuHL     In  it  the  respifatioiuB 

11    but    rease,  the   spasms   ^ive  way   to   tlaeeidity   of   the  nnisel<v. 
is  insensibility,    the    conjunctiva?    are    insensitive    and    the 
rolls  are   widely   dilated.      Every   now  and   then  a   prolonged 
.    inspiration  takes  place,  at  longer  and  longer  inter 
breathing  ceases  altogether]  and  death  ensues.     During  this 

gfc  tie    pulse   ifl  Scarcely  to  be  felt,  but  the  heart  may  beat  for 

onds  after  the  respiration  has  stopped.     The  condition  is 

to   the  gradual   paralysis  of   the   respiratory   centre   by    the 

prolonged   art  loo   of   the   increasingly   venous   blood.      This  stage 

may  last  three  minutes  and  upwards. 

The    conditions   of  the    vascular   tgttem    in    asphyxia,  are: — 

More  or  less  Interference  with  the  passage  of  the  blood  through 

itemic  and  pulmonary  blood-vessels;   (a)  s\ocumulat|on  of 

IiIimnI   in   tin  It    of  the  hrart  and   in  the  systemic  veins; 

(3)  Circulation  of  impure  (non-aSrated)  blood  in  all  parts  of  the 

After  death  from  asphyxia  it  is  found  in  the  great  majority  of 
case*  that  the  right  side  of  the  heart,  the  pulmonary  arteries,  and 
the  systemic  veins  are  gorged  with  dark,  almost  black,  blood,  and 
left  side  of  the  heart,  the  pulmonary  veins,  and  the  arteries 
are  empty.  The  explanation  of  these  appearances  may  be  thus 
when  oxygenation  ceases,  venous  blood  at  first 
freely  through  the  ItmgB  B0  the  left  heart,  and  so  to  the 
great  arteries.  When  it  reaches  the  arterioles  either  by  its 
direct    action    upon    their    muscular    tissue,   or    niore    probably 
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through  the  medium  <>i    the    FNKH  ha  anemia 

contract,   particularly  fmic  are*,  tbt  bW 


Fig.  jao.— The  heart  in  the  first  stage  of  asphyxia.     The  left  canities  are  m  t 
distended  ;   the  left  vmtride  partly  overlaps  the  right.     '  "  .  Jo-ft  Uu 
ventricle  ;  <i,  aorta  ;*,"..  pulmonary  artery  ;  |mf.,  pulmonary  vein  ,  rA,  right* 
r.r.t  right  wntrirlr -.    1 .1 .<i  ,  descending  vena  cav  1  threading  ren*  r*rx 


pressure  rises,  and  the  left  aide  of  the  heart  h< 
Although  the  arteriole  attracted,  the  highly   . 


Fig.  yi  \.  -The  h.  art  in  Una  final  *Ugv  of  asphyxia,    The  letter*  have  the  aaa 

in  fig.  up  ;  in  addition.  /-.<-,  represent*  the  pulmonary  r*pillsri.-*.     The  right 
and  ventricle,  and  the  pulmonary  artery,  are  fully  distended,  while  the  left  capitis  of 
the  heart  and  the  aorta  are  n.-ai  ly  t-mpty,     'Sir  George  Johnson- 1 

is  allowed  to  |  u^li  them,  and,  favoured  by  |ht  Ul>oiirt»i 

respiratory   movements,   arrives   at   the   right    Bide  of   th*  lieu! 

caches   the   pulmonary   arterioles    ir    firm   riff   to  * 
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1  amount  of  constriction  of  them  as  of  the  systemic  vessels! 

I  obstruction  to  t lie  circulation  through  the  lungs  thus  pfodnood 
sists  in  hrin^injr  about  b  distended  condition  of  tin.*  r%ht  heart 
nd  pulmonary  artery,  and,  on  the  other  hand,  produces  a  diminished 
blood-Mow  through  the  pulmonary  veins  into  the  left  side  of  the 
«jt.     The  main  pause,  however,  of  the  distended  state  of  these 
-  due  to  the  fuel  that  the  Miction  action  of  the  left  ventu-  N 

Ifiimahee  as  asphyxia  programs,  and  10  the  blood  accumulates 

11  the  right  heart  and  veins.       In  the  third  Ls]>hv\ia  the 

left  side  of  the  heart    therefore   yets  into  ili>   empty  condition  in 
which  it   is  found  after  death,      (See  SgB.  320  and  321.) 

In  tin*  first  and  Qeeond  stagse  oi  asphyxia  the  arterial  blood 
iressure  continuously  rises  until  it  reaches  a  point  far  ahovc  the 
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Wifg.  ,aj.  -  Hlood-preaaure  tracing  during  aaphyxiat  tini-  l,  1 .  .1  i*  <  d  in  aha).  The  tracing  wu 
taken  by  a  manometer  eonnected  with  the  femoral  arteTy  of  a  dog  under  1  unim  . 
ArtinYial  respiration  wrae  discontinued  at  X.  Both  vagi  had  been  prwiounly  divided. 
If  the  vagi  are  not  divided,  the  riae  of  preaaure  is  much  lesa,  and  the  heart  beats 
very  idowly.  Thia  enable*  the  heart  to  lant  longer,  and  is  dne  to  exeitatioo  of  the 
-inhibitory  tx-nUre  by  veuou*  Mimm).     ( Starling,} 


n.rnial,  and    111    the   third    stage    blood-pressure   falls   rapid 
nig  of  the  arterial  pressure  IB  shown  in  fig.  J22, 


A 


Effects  of  Breathing  Gases  other  than  the   Atmosphere* 


r 


The  diminution  of  oxygen  lias  a  more  direct  influence  in  the 
production  of  asphyxia  than  the  increased  amount  of  carbonic 
acid.     Indeed  the  fatal  effect  of  carbonic  acid  in  the  blood  when 

dm  supply  of  oxygen  is  maintained,  resembles  rather  Uieactiofl 
of  ji  narcotic  poison  than  it  does  asphyxia. 

Then  again  we  must   sarefuU]    distinguish   the  asphyxiating 

feflfeot     of    an    insntrieirnt     Supply    of    OXygSTJ     from    the    dif  >>]\\ 

poisonous  actios  of  Mich  a   gas  as  carbonic  oxide,  which  is 
contained  to   «  considerable  amount  in  common  coal-gas.     The 

fatal    effects  often   produced    by    this  gas   (as    in    accidents    from 
huniing   charcoal    stoves   iii   small,  close   rooms),   are  due  to  itK 


iion. 


stion   with   the    »<  bin    of    rli 

m  expelling  the  oxygen.      Hydrogen  may  take 
gen  is  in  tin  rtka, 

witK  no  marked   ill  effect.     Sulphuretted  hydrogen  intarifra 
with   th<  L      Nitrous   oxide 

in    as  a 
carbon  dioxide  in  more  than  a  certain  proportion  j  sulphurous 
and  other  acid  gases,  ammonia,  and   chlorine  -^ 

lie  closun  imbla. 

M tr niton  in  thr  aU  prts$vre. — The  Hoi 

of  breathing  ii  that  the  oxygen  of  the  air  b 
at  the  pressure  ol  is»,    i   of  760  m 

mercury,  or  15a  mm.t  but  it  is  found  thai  life  may  he  carried  <n 

munition  of  the  oxygen  pressure  t 
than  one-half  of  this,   viz.,   to  76   nun.,    or   the 
,',,    partial     pressure,    which    is    reached    at    an    altitude    utott 
15,000  feet     Any  pressure  less  than  this  may  beg 
alterations  in  the  relations  of  the  gases    in    the    l»h  I   if  as 

animal  is  Biib  Ldenly  to  a  marked  decn 

pressure,  ami  so  of  oxygen  pi  ism  lie  (below    7    per  a 
thrown  into  convulsions,  and  it  is  found  that  the  gp&es  are  set  brt 
in  the  blood-vessels,  no  doubt  carbon  dioxide  snd   o 
as  nitrogen,  although  the  latter  is  the  only-  one  of  the  three  gats 
the  presence  of  which  in  the  vessels  in  death  from  this  condition 
Sain  ban  been  proved  j  the  others  are  laid   to  be  re-absorbfd. 
Other  derangement!  may   precede  this,  #-.y.,  bleeding 
nose,  dyspnoea,  and  vascular  derangement.      On  the  other  hand, 

oxygen  may  he  gradually  increased   to 
without  marked  effect,  even  to  the  extent  of  8  or  2 
hut  when  the  oxyg  Is  increased   up  to  20  atmospheres 

the  iinin  rimenteil  upon  by    Paul    Bert    died    with  severe 

tetanic  convulsions.      The  alteration  of  pressure  above  or  below  a 
certain  average  affects  primarily  the  gaseous  interchange  in  the 
luutfs,  and  then  that  in  the  tissues  generally.      Signs  of  dya 
may  he  also  produced   by  cutting  to  Ike 

<h<<,  or  by  warming  tht   Hood  of  the  en 
The  cause  in    the   former   case    is    the    deprivation    of    • 
and  the  accumulation  of  the  carbon  dioxide,  ami    in   the 
the  increased  metabolism  of  the  centre  set  up  by  the  warmed 
Mood. 

That   considerable   variations  of    pressure    mav    occur    without 
producing  ill  effects,  is  due  to  the  fact  which  w  more  WIj 

ml  tie  next  section  of  this  chapter,  that  the  hi 001 1  gases  ate 
in  a  state  of  chemical  combination,  not  simple  solution. 
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The  atmospheric  air  does  not  actually  penetrate  beyond  the 
lai);«>r  bronchia]  tubes;  f 1 1  ■  -  gases  whien  get  into  the  smaller 
tulx*    ami    airvesieles   d  diffusion*      The   0064    Vigorous 

r  .ton  effort  ia  unable  to  expel  the  alveolar  air.  This  air  and 
the  Mood  in  the  capillaries  are  separated  only  bj  the  thin  capil- 
lary and  alveolar  walls.  The  hi  nod  parts  with  its  exOQSS  QJ  oar 
botli  rv  vapour  to   the  alveolar  air;    the   Uood  at 

me  time  receives  from  the  alveolar  air  s  supply  of  oxygen 
vs  bich  renders  it  arterial. 

intake  of  oxygen  is  the  commencement,  ami  the  output  of 

1  is  the  em]  of  the  series  of  changes  known  as  palpi* 

ration.     The  intermediate  steps   take  place  all  over  the  body 

I  fcstitute  what  is  known  as  ti$iU6rttfAration*     The  oxygen 

iut>>  the  blood   i*  held  there  in  loose  oonibroa&ion 

haemoglobin,      in  the  tissues  this  suhstam  r  parts  with  its 

ipiratory   oxygen.     The  oxygen  floes  not  necessarily   undergo 

immediate  union,  with  carbon  to  form  carbonic   add]  and  with 

Irogeu  to  form  water,  hut  in  most  eases,  as  in  muscle,  is  held 

iu  reserve  by  the  tisane  itself.     Owing  to  this  reserve  oxygen,  a 

muscle  will  contract  in  an  atmosphere  of  pure  nitrogen  and   vet 

ofl    carbonic   acid  ;  and  a    frag  will  live  under  the  same 

conditions  and  give  off  carbonic  acid  for  several  hoars. 

onic  acid  and  water,  certain  other  products  <»!  oombus'tion  are 

aerated  ;   those   like   urea  and  uric  acid,  which  are  the  r*  -nit  of 

foganow  metabolism,  ultimately  Leave  the  body  in  the  urine, 
The  carbonic  acid  and  a  portion  of  the  water  find  an  outlet  bj 

the  lungs. 

Inspired  and  Expired  Air,  —The  composition  of  the  in- 
spired or  atmospheric  air  and  the  expired  air  may  be  compared 
in  the  following  table  : — 


r 

- 

In>]HiM)   in 

Kxpiifd  air. 

Oxj  _ 

n 
i'ai  bonic  acid 

Watery  vapour 
Temperature 

20*96  v»»l*.  per  cent. 

n 

variable 

•• 

16*03  ?©la  |>»jr  cent. 
79    *      ■ 
4*4 

snturar.  .1 

tbil  Of  body  (  |6P  C.) 

The  nitrogen  remains  unchanged.     Tin-  recently  discovered  gases 

argon,  oryptODj  Arc,  are   in    the   ahnve   tahle  reckoned  in  with  the 
nitrogen.      They  arc,  however,  only  present   in  minute  quantities. 
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\%±  SLsfi&ATiox.  :cn.mv. 

■.  --"  _■»...  jr  -•  -  ".i-e  pr*/j*/rtioti  «.rf  oxygen  and  carbonic 
*..  ■:  7\~  l->a  ■:  "v^t.  -•*  about  fT  the  gain  in  carbonic  uid 
*.-.•.■.-  i  r .  I:  ir*  iZAtimi  *Cfi  expired  airs  are  carefully  measnrel 
>.-  v.*  --*.-.■.•*  -.rrr.^r*:.-r*r  and  tarocnetric  pressure,  the  volume  of 
■■  ;!..-■:•:  t  .•  ..-  :r*--  :-y*r*i  to  be  rather  less  than  that  of  the 
:..-;.  .•-■-:.•     T\~  ;■•  ?.Tr~.»L  of  oxy-^n  into  carbonic  acid  would  iwi 

*  .<*-  *;.-.  ■.:-*;.  j*;  .:.  :rir  r^Viiuv  of  the  jzaa  for  a  molecule  of 
■.;.-'•::.    •».     «■■.-:  2i-.r  ri-e  ••>  a  molecule  of  carbouic  acid  (CO,) 

•  r..-.r.  *■;  .1 :  •  o  47  ::*•>  -iine  volume  4  Avogadro's  law).  It  must, 
fi'.**:vtr.  '■?  rr:..-r:i.f«re'i  that  carbon  is  not  the  only  element 
■r..r.  .-    ,t.i:«^:.      K*t  arid  proteid  contain  a  number  of  atoms 

-,:'  r*;.-sr  itffi:.  *r.:«.f..  viriua  metabolism,  are  oxidised  to  form 
k\\s:t  .  .t  «n,aii  ^n.o'iii?  of  oxygen  is  also  used  in  the  formation 
of  ;re>i.  fVirbohydrat**  contain  sufficient  oxygen  in  their  own 
rriok-riiU--  to  oxidi.se-  th^ir  hydrogen  :  hence  the  apparent  low  of 
oxygen  >  I  •-*.«.  t  a  hen  a  vegetable  diet  (that  is,  one  consistm* 
Urv-lv  >j\  iUr«:h  and  other  carbohydrates)  is  taken,  and  greatest 

uh'-ii  lunch  fat  and  proteid  are  eaten.     The  quotient   ^  '  7 — — - 

O,  absorbed 

i-  called  th*-  respiratory  quotient.      Normally  it   is- 1-5  =  0*9,  but 

it  varies  considerably  with  diet  as  just  stated.  It  varies  also  with 
muscular  exercise  n*  the  output  of  carbonic  acid  is  then  increased 
hot!  1  absolutely  and  relatively  to  the  amount  of  oxygen  used  up. 

Tin-  anion nt  of  respiratory  interchange  of  grases  is  estimated  by 
enclosing  an  animal  in  an  air-tight  chamber,  except  that  there  u 
;i  tube  entering  and  another  leaving  it;  by  one  till*?  oxygen  or 
air  can  enter  and  is  measured  hy  a  gas-meter  as  it  passe*  in. 
The  air  is  drawn  through  the  chamber,  and  leaves  it  by  the  ether 
tube  ;  this  air  has  been  altered  by  the  respiration  of  the  animal, 
and  in  it  the  carl>onic  acid  and  water  are  estimated :  the  carbonic 
acid  is  cn!  hunted  by  drawing  the  air  through  tubes  containing  a 
known  amount  of  an  alkali  ;  this  combines  with  the  carbonic  acid 
and  is  increased  in  weight :  the  increase  in  weight  giving  the 
amount  of  carbonic  acid  ;  the  alkali  used  in  Regnault  and  Reisert 
apparatus  was  potash;  Pettcnkofer  used  baryta  water ;  Haldane 
reeou  in  lends  soda-lime.  The  water  is  estimated  in  tubes  coutainiug 
pumice  moistened  with  sulphuric  acid. 

Itiuike  gives  the  following  numbers  from  experiments  made  011 
m  man,  who  was  taking  a  mixed  diet  consisting  of  100  grammes 
of  pmteid,  100  of  fat,  and  250  of  carbohydrate  in  the  twenty-four 

•  This  diminution  of  viilunic  will  cans*.' a  slitrht  rise  in  the  proportionate 
u*  of  iutrii£i>u  per  cent. 
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hours.     The  amount  <»f  oxygen  absorbed  in  the  same  time  was 
16  jimmmes ;  of  which  560  paused  off'  m  oarbonk  acid,   9  in 
urea,  ig  as  water  formed  from  the  hjtttogen  of  the  proteid,  ml 
78  from  that  of  the  fat. 

rordt  from  a  number  nf  expcrimuii-  in i  Unman  bein^  _ 
fol  low  injur  numbers  :   the  amount   of  oxygen  absorbed   fan 

t-mr  hours,  744  gnuuttl  leadfl  bo  the  formation  of 

900  grammes  *»f  carbonic  acid  (this  contains  about  half  a  pound 
of  carlom  and  360  ^nuniii  rei\ 

The  respiratory  interchange  is  leantmed  during  sleep.  It  is 
especially  small  in  the  winter  sleep  ot  hibernating  animals, 

ftt ■■# -NHtttttni'v*  u[)'*t'tut>i  tht   amount  qf  ettrbvn  d.    (a)  Ayr 

ami  *r r       la  111 1I1  -  tile  ijiUilite  -  with  (growth  till  tlir  age  of  JO 

50   it    bearing  u>  ilimlnUh   Again,     la   I 

ttion  ceaaea,    In  tamata  lb*  quantity  exhaled  lea  thnn 

,|.  -  nf   lUr-   SIMM'  ngv. 

(hy   firAjtn.tt.'i  y  nMfflfjpMNifa — Tin'  quicker  the  respil *siHi m   the  -iiifllkr  is 
proportionate  nuuntity  of  h  volume  o!  expired 

rot:it  «|.ii;iiititv  in,  however,  1m  itaaul,  not  because  mora  \-  formed  In  the 
-  1  Mir  •,..  rbc  Kail   portion  of  the  expired  ait  which 

.  ftusn  1  in.-  wore  remote  parttof  the  tonga  Is  the  richest  En  carbonic 

(1  >  Ustemnl  temperature.— \tk  calrt-blooded  auimaU,  s  i  be  in  the  external 

p»efl   >   rise  in  their   bodj  temperature,  m mpsnied  with 

including  the  formation  «»f  0  la  unf  of 

rtamtc  acid,    hi  warm-blooded  animal*,  il  i^  just  m;  in  cold 

ithei  tlit-  temperature  ha*-  to  be  kept  at  the  normal  Urrcl,aod  ao  mereaaed 
combust  i 

P»kk/.— Thiw  produces  an  hlch  oanallj  cornea  01 

r  si  meal. 
(e)  Etercise. — Moderate  exen  "f  about  30  to  40  per 

f.  m  the  amount  excreted.    With  excessive  work,  tic  Increase   m  still 

- 

Diffusion  of  Gases  within  the  Lungs.  —  If  two  ■  I  an  libera 
ontitaining  a  mixture  of  gases  in  unequal  amount  ace  connected 
together,  a  slow  movement  called  diffusion  takes  place  until  the 
percentage  amoinit  of  each  gas  in  each  chamber  ia  the  same.  Let 
us  at  that  one  chamber  contains  ■  largo  quantity  of  **\\. 

and  a  small  quantity  of  carbonic  acid  ;.  and  the  other  a  small 
tntitj  oi  oxygen  and  a  large  quantity  of  carbonic,  acid,  the 
gen  moves  from  the  finl  bo  fens  iBOoftd,  and  the  oarbonk  acid 
from  the  second  to  the  til's t  chamber.  The  pressure  of  ■  B9S  is 
proportional  to  the  percentage  amount  in  which  it  is  present  in  a 
mixture.       This  is  true  for  each  ^as  in  a  mixture,  the  pfSajBtm  of 

tbc  others  making  no  dfflbfonoe* 

In  the  atmosphere,  tor  instance,  the  total  barometric 
is    760   mm*  of   mercury  ;    the   amount   of  Otygeu   in  the  aii 
roughly  one-fifth,  and   the   pressure    it   eiStCISBB  is  also  one-tiftb 


the  other  four-fifth*    TKr 
lantit U*  that  t lie  pn- 
>  m  only  a  finrtisn  of  a  nullim etre- 

the  carbonic    acid  a  prtsetr 
urn  ;  and  in  the  intennelak 
condition:   hence  u  in  tbe 
,  oxygen  diffuse*  <i  tir 

uvl  cst+jonic  aeii  {ram  them.      These  aloe  tio( 

by  the  large  draughts  which  are 
tract  by  the  respiratory  un  < 


si  loo  volume  of  blood,  itlHjut  60 
1  of  gas  can  be  moored  by  the  mercurial  air-pe 
average  composition  of  this  gas  in  desfs  blood  is  : — 


Ms**1  sfeai; 
30 
i 
40 


Vrtioii  t 


lood  is  aiuiply  dissolved  from  the 

as  water  wuuM  dissolve  it  .   it  lias  no  ph  al    importsaoe- 

sent  in  much  greeU 
i  pie  solution ;  in  fact,  jireasnt 

i\  oombinati  one  roll 

oxygen  and  about  two  of  carbonic  acid   are   pre  iimpb 

solution  in  the  piai 

Oxygen   in   the  Blood.— The  amount  of 
liquid  varies  with  the  pressure  of  the  gas  ;    double   the  pi 
and  the  amount  of  gas  dissolved  is  doubled.       Now  this  <i 
occur  in    the  <  £J   and   blood  ;   very    nearly  th 

intouQl   of  oxygen  ia  dissolved  whatever  be  the  pressure     ffi 

thus  a  proof  that  oxygen  is  not  merely  dissolved 
blood)  out  is  in  chemical  union;  and  the  fact  that  the 
oxyhemoglobin  can  be  replaced  by  equivalent  qu&ntiti 
carbonic  oxide,  is  a  further  proof  of  the  1 
incut.  The  tension  or  partial  pressure  of  oxygen  in  th 
alveoli  is  less  khan  Lhat  in  the  atmosphere,  but  greater  than  that 
ia  renous  blood;  hence  oxygen  parses  irom  the  alveolar  air  11 

bl I  plasms  ;  the  oxygen  immediately  combines  with  the  howmv 

globiUi  and  thus  leaves  tin  plasma  tree  to  absorb  more  01 

thin  goes  on  until  the  haemoglobin  is  entirely,  or  almost  entirely 

•  'in  i'   I  with  oxygen.      The  reverse  change  occurs  in  the  1 
when  the  partial  pressure  of  oxygen  is  lower  than   in   n 
ur  in  the   Ivmph  that   bathes  the  tissue  elements     the   ; 
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i>  with  its  oxygen  to  Um  lymph,  the  lymph  to  the  fciaaft 
tie    oxyhjemogtobtn  then  uiklefgoee  diaaociataop  to  supplj  m 

t<>  tlie  plasma  and  lymph,  and  thus  in  nun  to  the  tissues 
once  more,     Tina  goea  on  um.it  the  osyhaBBaoglofotn  loses  i  - 
portion  of  its  store  of  oxygen,  but  even  in  asphyxia  it  does 
i.iM-  .ill. 

The    following  values  are  Lrivcn  by    Krederict|    for  the   tension  of 

u  peroentagei  of  mi  atmosphere*     His  experiments  were 

in, i. It-  ««n  dogs, 

nd  air 20*96 

« r8 

Arti-nal  Mood  .         ,         ,         .         >  '4 

ies  .  ,  .         .         .  ,         .0 

The  arrow  shows  the  direction  in  which  the  gas  |  ■.»>-• 
When   the  gsM  are   being  pumped   off  from   the   blood,   very 
little  oxygen  comes  off  till  the  piwmw  has  been  greatly  reduced, 
1  then,  at  a  certain  point,  it  is  disengaged  at  a  hurst.     This 

showa  that   it   is  QOt   in  Simple  SOlUttOU  but  is  united  eheuiicallv  to 

e  constituent  of  the  blood*  which  is  suddenly  dissociated  at  the 
reduced  pressure.      This  constituent  of  the  blood  is  lucmo^lnhiu. 
if    the    tissues    for   oxysuvn    is   shown    by    Khrlich  s 

experiment*  with  methylene  blue  Mid  similar  pigments,  bfethy- 
Keuc  him  ia  more  stable  than  oxyhemoglobin;  but  if  it  is  injected 
Into  the  circulation  of  a  living  mumatj  and  the  animal  killed 
11  few  minutes  later,  the  blood  is  Found  dark  blue,  but  the  Qgg 

ipeoially  those  which  like  glandular  organs  an  in  i  state  of 
activity)  colourless.  I  hi  exposure  to  oxygen  the  organs  become  bhis, 
hi  other  words,  the  tissues  baTeramored  the oxygen from  methylene 

blue  to  form  ft  colourless  reduction  product  ;  on  exposure  to  the 
air  this  once  nfcOffti  unites  with  Oxygen  to  form  methylene  blue. 

Carbonic    Acid    in    the    Blood.  — What    has   been   said    for 

oxygen  holds  good   in  the  reverse  direction  i  nie  aeid. 

Compounds  are  formed  in  the  tiaauee  whatre  the  tenaion  of  the 

ia  bigb  i  these  paaa  into  the  lymph,  then  into  the  blood,  and 

m  the  lungs  they  undergo  dissociation,  oarbonie  acid  paaaing  into 

the  alveolar  air,  where  the  tension  of  the  gifi  is  comparatively 
low,  though  it  is  greater  bare  than  in  the  i  spiied  air. 

The  relations  of  this  gas  and  the  compounds  it  forms  arc  <v 

eoiiiulex  than  in  the  case  of  oxygen.     If  Mood  is  divided  into 

plasma  and  corpuscles,  it  will  be  found  that  both  yield  carbonic 
acid,  but  the  yield  from  the  plasma  is  the  greater.  If  we  place 
blood   Ul  a  VaCUUin  it  bubbles,  and    gives   out    all    its   ^L.ses  ;   addi 

tiou  of  a  weak  aeid  causes  no  further  liberation  of  carbonic  acid. 
When  plasma  or  serum  is  similarly  treated  the  gas  at mea  «>tt; 


it     Fresh 

it 

blood  contain  fortr-oh 
m  m  aohitiou  fir  in  chemical 
the  Uamam  of  U* 
ni  hhttvi-plasuia  *imW 
of  the  m  at  wtninaphmc 
if  iU  sntalafitj  to  plasma*  wen?  ojual  t-.»  that  in  wi 
If,  thru,  tile  carbsiic  add  me  in  a  state  of  solution,  its  term 
would  be  Terr  high,  hut  it  prove*  to  be  otilr  o  j  tuvl  to  5  per  cent 
of  mi  ajwwsaaWrg.    This  nasam  that  when  venous  Moot]  t*  brought 

of  carbonic  add,  the 
gtres  off  aar  carbonic  acid  nor  Dikes  up  any  fnsn 
that  atmosphere.      Hcacr  the  renuumier  of  the  unln,  95  per  rent, 
i»  in  a  otwdBfinn  of  chemical  combination.      The  ehi<  ' 
appear*  to  be  ««liam  faearbuciatr* 

The  cmrbonie  arid  aod  pbospborie  acid  of  the  bl< » 
atate  of  constant  stiuggle  for  the  posaasaam  of  the  sodium*     Tbt 
amita  formed  hw  these  two  aeiffts  depend  on  their  rein* 
If  carbonic  acid  ia  in  excess,  ve  _ 
and  tnono-aodium  phosphate  (Xaff^PGi)  ;   btit  if  ti 
it  diminished,  the  pbospborie  acid  obtains   the   greater  sliarv  of 
sodium  to  form  disodiuin  phoajnV 

aoon  as  the  amomit  of  free  cartonic  acid  riiminiatiea, 
lungs,  the  amount  of  carbon  i<  acid  in  combination  alao  dccreiaa; 
whereas  in  the  tissues,  when   lac  tension  of  the  gas  is  I 
a  large  amount  is  taken  the  blood,  where  it  forms  - 

bicarbonate. 

The  tension  of  the  carton ic  acid  in  the  tissues  is  high,  but  on* 
cannot  give  exact  ri_ 

basn  aMVtaoaa:  in  the  urine  it  i>  9,  in  t f*e  bile 
The  tension  in  the  cells  themsel  be  higher  still 

The    following   figures   (from    Fredi 

5  tO  9       / 

Ven  3"a  te  5*4  ^ 

Tiftl  air  ,        .        .         0*03 

arrow    indicates   tite  direction   in    which   the 


gas 


li'ln  exact,  1  hi    toluoil  1  j  •  I    :»i  bon  tlloxiilc  11 
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i  1 ; 1 1 1 1  «_■  1  \" ,    in    the    <linvtinii    of    |)iv»mv    fr<»iu     ili«'    ti>Mi<>    t<>    tln« 

«'  «.  tliH^pllt'lV. 

Iii  .some  experiments  made  by  Bohr,  also  on  dogs,  the  following 
**  re  the  figures  given  : — 

Arterial  blood 2*8 

Venous  blood 5-4 

Alveolar  air 3*56 

Expired  air 2  *8 

It  will  be  seen  from  these  figures  that  the  tension  of  carbonic 
<s%cid  in  the  venous  blood  (5*4)  is  higher  than  in  the  alveolar  air 
^3-56);  its  passage  into  the  alveolar  air  is  therefore  intelligible 
^y  the  laws  of  osmosis.  Osmosis,  however,  should  cease  when 
^he  tension  of  the  gas  in  the  blood  and  alveolar  air  are  equal. 
IStat  the  transference  goes  beyond  the  establishment  of  such  an 
equilibrium,  for  the  tension  of  the  gas  in  the  blood  continues  to 
sisink  until  it  is  ultimately  less  (2*8)  than  in  the  alveolar  air. 

The  whole  question  is  beset  with  great  difficulties  and  contra- 
dictions.    Bohr's  results  have  been  subjected  to  much  criticism; 
eome  observers  have  confirmed  his  results  and  others  have  failed 
"%o  do  so.     If  Bohr,  however,  is  ultimately  found  to  be  correct,  we 
^an  only  explain  this  apparent  reversal  of  a  law  of  nature  by 
supposing  with  him  that  the  alveolar  epithelium  possesses  the 
^power  of  excreting  carbonic  acid,  just  as  the  cells  of  secreting 
^glands  are  able  to  select  certain  materials  from  the  blood  and 
^reject  others.     Recent  work  by  Bohr  and  Haldane  has  also  shown 
"that  in  all  probability  the  same  explanation — epithelial  activity — 
enlist  be  called  in  to  account  for  the  absorption  of  oxygen.     In 
"the  swim-bladder  of  fishes  (which  is  analogous  to  the  lungs  of 
mammals)  the  oxygen  is  certainly  far  in  excess  of  anything  that 
<»n  be  explained  by  mere  diffusion. 

Tis8ue-Bespiration. — Before  the  processes  of  respiration  were 
iully  understood  the  lungs  were  looked  upon  as  the  seat  of 
•combustion ;  they  were  regarded  as  the  stove  for  the  rest  of  the 
"body  to  which  effete  material  was  brought  by  the  venous  blood  to 
T>e  burnt  up.  When  it  was  shown  that  the  venous  blood  going, 
-to  the  lungs  already  contained  carbonic  acid,  and  that  the 
"temperature  of  the  lungs  is  not  higher  than  that  of  the  rest 
of  the  body,  this  explanation  had  of  necessity  to  be  dropped. 

Physiologists  next  transferred  the  seat  of  the  combustion  to 
the  blood ;  but  since  then  numerous  facts  and  experiments  have 
demonstrated  that  it  is  in  the  tissues  themselves,  and  not  in  the 
"blood,  that  combustion  occurs.  The  methylene-blue  experiments 
already  described  (p.  367)  show  this ;  and  the  following  experiment 
**  also  quite  conclusive.     A  frog  can  be  kept  alive  for  aouie  lime 
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fca  i 


after  ualt  solution  is  substituted  for  it*  blood.     The  metalx 
goes  on  actively  if  the  animal   is   kept    in    pure    oxygen.     The 
taking  Up  of  uxyjron  and   giving  out  of  carbonic 
fore  occur  in  t he  tissues,  as  the  animal  Una  no  blood. 

Ventilation. —  h  is  necessary  to  allude  io  couclu&ii 
important  practical  outcome  of  our  consideration 

Some  Continental  observers  baye  stated  th; 
robstanoea  are  ordinarily  ooutained  iu  expired  air  irhi 
more  poisonous  than  carbonic  acid,  but  raeearohes  in  atr 

have    tailed    to   substantiate    this.      if    precautions    I"  :^- 

ahsolute  oleanlinefis  to  prevent  admixture  of  the  air  vitfa  >  xha^-  * 

tioiiH  from  skin,  teeth,  and  olothea,  the  expii  ^^fe? 

one  noxious  substance,  and  that  is  carbonic  acid 

Absolute  cleanliness  is  however  not  the  rule  ; 
rooms  become*  stuffy  when  the  amount  of  expired  air  in  t  heiM-^  i 
just  so  much  as  to  raise  the  percentage  of  carbonic  acid  Io    cy 
per  cent,     An  adult  gives  off  about   on  cubic  feat  of  o*rbcMa& 
II -id  per  hour,  and  if  he  is  supplied  with  1,000  cubic  i*<*a 

air  per  hour  he  will  add  o*6  to  the  0*4  oubit 
acid   it  already  coutains  \  in  other  words  the  pet  i  that 

pis  will  be  raised  r<>  o~i.    An  hourly  supply  of  2,000  cu 
fresh  air  will  lower  the  percentage  of  earboi  1  007,  iu*J 

of  3,000  cubic  feet  to  006,  and  this  is  the  supply  which  in  usually 
recommend  oil.      Jo   order  that   the  air  may  be  1 
giving  rise  t<»  draughts,  each  adult  should  be  allotted  >- 
space  in  s  room!  at  least  1,000  cubic  feet. 

The  Mercurial   Air-Pump. 

Tin'  rxn-uciii»n  m|'  (In  •   Mm   blood  i-  ncconipllabi 

a  mercurial  Kir-pump,  of  which  there  arc  many  varictfi 
Alvergnlat,  Oeiwlcr,  rind  Spren^el  being  the  chief.     The 
itj  aU  1-  il»c  same.     LndwigVpump.  which  may  be  taken  n»  a  < 
rented   in   Ml:.  522A.       It    consists  of  Lw«i 

upper  one  communicating  by  humus  of  the  etopoock.  IK  and  '•  *u> 
rubber    lubr   With   aimtlirr   ;>|;iss  jj-linV,   L     which   rati    In 
by  mean*  of  a  pulley  .  it  also  communicate*  by  mean*-  of 
11  bent  Lit;  ( ii"i  represented  in  tl 

dips  into  a  bnwl  oi  mercury,  so  that  tin*  gas  m 

The  lower  globe,  b\  e icaii-  with  ( ''  by  m 

/  in  which  the  blood  is  contained  by  the  utop<  and  wftbi  ! 

glass  globe,  Af,  similar  to  L,  by  mean**  of  ihe  stopcock,  //  1 
india-rubber  tube,  K.  . 

In  order  to  work  the  pump,  L  and  .1/  are  filled  wnb   m 
from    which    the   gasc*  nre   in   be  extracted    1-  placed    in    th 
intopcookt,  //.  /'.  />  and  //,  bciti^  open t  and  17  closed,      1/ 
of  the  pulley  until  /"  i-  full  of  mercury,  and  tfie  ail  \a  driven 

-I  L  1-  niwi  I  mi  tliiii 
driven  off.      It  i>  1  hen  clnnt.il.     On  lowering  L  the  mei 
nul    n   vacuum    in  established   iti    ('.      On   npeniii; 
un  iNHtmilarly  established  in  /' ;  if  ft  \s  nmvo]  1 
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Iftion,  and  rt  Into  Ftnd  /'.  end 

kfi»f  the  stopcock  //  beingr  opened  ami  flf  closed,  the  t?as  ;    ilriven 

•  k  i n  1  - •  1 1 l< •  }•  er  mercury.     By  repeating  the 

rime*  the  whole  of  th  the  specimen  o(  blood  is 

id  may  he  estimated. 
The  rcry  simple  air-pump  i;n_  h\  Leonard    1 1  >  L l    will    bo, 

amply  sufficient  tor'  most  purtw  -  tutu  bulbs 

(MB.),  which  we  will  call  the 
this  L«  closed  above  by  1  piece  of  tubing 
end  ■  clip,  fl  ;  this  it 
Indfswiihber  tubing  to  another  bulb,  &, 

e  */,  however,  there   1-  s  stm 
with   two  way*  cut   through   it  ;  0H6   by 

iv  of  which  B.B.  find  ti  may  be  eon* 
tieeted,  as  in  ih«"  figure;  and  Another 
Been  ha  section,  which  unites  </  to  the 
tub*  i,  when  the  stopcock  in  turned 
through  a  r^ghl  angle.     In  in  termed 

1  ion*,  the  itopoock  cute  ofl  aU 
munfeation  from  */  do  all  parti  i*f  the 


B.a 


\J  My 


Sit*.    Lndwlsft  Mercurial  Pump. 


Fig-,  in.- L.  Hill's  Jiit-ti'iinji 


Bin  above  it  ;  </  is  oonneoted  by  tubing  to  :v  receiver,  It,  which  can 

d  or  lowered  at  will.    At  firs!  tin*  wools  apparatus  le  filled  with 

jed.    Then,  eh  1.  K  u  lowered,  end  when 

moru  then  the  beighi  of  the  barometer  130  inches)  below  tbe  top  "f 

the  mercury  Fall*  and  leaves  the  blood  bulb  emptj  ;  bj   lowering  l* 

til  Further,  *l  can  also  be  rendered  a  vacuum,    A  few  drops  of  rm 

Iv.til-l   bt    left   behind  in  B.B,     B.B.   la  then  detached   rrbm   tin-  reel  or 

rhed  the  clips,  a  and  /*.  being  lightly  closed.     Blood 

Ltl  into   it  by  '■•  the  tnlie   with  the  clip  a  on  it 

mull  fQIcd  with  blood  Inserted  in  ea  artery  or  vein  of  n  living 

\\  B  1 
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hat  bmm  mmSe  n  raeawn  \  n» 
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►  fi^Uilij^ 
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found    very    tu* 
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be 

|dre<l    :iir.     the    fillin: 
red  rill  the  flu 

ih.u  The  ai 

I  in  the  i 

-     i  lied 

solution  )•; 
bnlh  until  tht  Raid   bi 
■    irk    of   t}). 
,  led,  and  tl 

rewtuinute*,  during  which  rlu-  carbonic  n 
lap  2  is  then  opened    ami    the 
mW  by  lowering  the  filling   bulb.       t 
lho  0;,lk  e    filling    bulb    U-incr 

Arc  at  the  same  level  as   the  fluid  in 


Waller1*     apparatus      for     pa* 
tnalyms. 
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CH.  XXV.]     THE  CHEMICAL  COMPOSITION  OF  THE  BODY.        373 

CHAPTER  XXV. 

THE  CHEMICAL  COMPOSITION  OF  THE  BODY. 

The  body  is  built  up  of  a  large  number  of  chemical  elements, 
which  are  in  most  instances  united  together  into  compounds. 

The  elements  found  in  the  body  are  carbon,  nitrogen, 
hydrogen,  oxygen,  sulphur,  phosphorus,  fluorine,  chlorine,  iodine, 
silicon,  sodium,  potassium,  calcium,  magnesium,  lithium,  iron,  and 
occasionally  traces  of  manganese,  copper,  and  lead. 

Of  these  very  few  occur  in  the  free  state.  Oxygen  (to  a  small 
extent)  and  nitrogen  are  found  dissolved  in  the  blood  ;  hydrogen 
is  formed  by  putrefaction  in  the  alimentary  canal.  With  some  few 
exceptions  such  as  these,  the  elements  enumerated  above  are  found 
combined  with  one  another  to  form  what  are  called  compounds. 

The  compounds,  or,  as  they  are  generally  termed  in  physio- 
logy, the  proximate  principles,  found  in  the  body  are  divided  into — 

(i)  Mineral  or  inorganic  compounds. 

(2)  Organic  compounds,  or  compounds  of  carbon. 

The  inorganic  compounds  present  are  water,  various  acids 
(such  as  hydrochloric  acid  in  the  gastric  juice),  ammonia  (as  iu 
the  urine),  and  numerous  salts,  such  as  calcium  phosphate  in 
bone,  sodium  chloride  in  blood  and  urine,  and  many  others. 

The  organic  compounds  are  more  numerous ;  they  may  be 
subdivided  into — 

1.  Various  groups  of  alcohols  and  organic  acids,  and  their  com- 
pounds, such  as  the  fats  and  carbohydrates. 

2.  Various  derivatives  of  ammonia,  amides,  amines,  urea,  <fec. 

3.  Aromatic  bodies,  or  derivatives  of  benzene. 

4.  Proteids,  the  most  important  of  all,  and  substances  allied  to 
proteids,  like  the  albuminoids,  pigments,  and  ferments. 

Many  of  these  substances  we  shall  study  with  the  blood,  food, 
urine,  <fcc. 

A  more  convenient  practical  method  of  grouping  physiological 
proximate  principles  is  the  following  : — 

(   Water. 
Inorganic        .        .  <  Stilt* — /•.«/.  chlorides  ami  phosphates  of  sodium 

(      and  calcium. 

(  Proteid* — e.g.  albumin,  myosin,  casein. 
Nitroj/enou-  '  Albuminoid* — t.g.  gelatin,  chondrin,  nuclein. 

°  i  Simpler     nitroge/ion*     bod  it** — e.g.     lecithin, 

\     creatine. 


Organic 


(  Fat* — e.g.  butter,  fats  of  adipose  tissue. 

J  r   '  -   - 


Non-nitrogenous  \  ^rbtdnjdrate^eg ^ugar,  starch. 

1  "  I   Simple  (irmintp   htulifx — /»  n    prut  If** 

acids. 


J  Simple  organic  bod  it* — c.g.  cholesterin,  lactic 
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Many  of  the  substances  enumerated  above  only  occur  in  moll 
quantities.  The  most  important  are  the  inorganic  sufasUixn, 
water  and  salts ;  and  the  organic  substances,  protiidK  curio- 
hydrate*,  and  fat*.  It  is  necessary  in  our  subsequent  study  ol 
the  principles  of  chemical  physiology  that  we  should  always  keep 
in  mind  this  simple  classification ;  the  subdivision  of  proiimate 
principles  into  proteids,  fats,  and  carbohydrates  forma  tbt 
starting-print  of  chemical  physiology. 

Carbohydrates. 

The  carbohydrates  are  found  chiefly  in  vegetable  tissue*,  and  j 
many  of  them  form  important  foods.      Some  carbohydrates  ire,  j 
however,  found  in  or  formed  by  the  animal  organism.     Themotf  j 
i!ii(K)rtant  of  these  are  glycogen,  or  animal    starch  ;  dertrott;  ud 
lactate*  or  milk  sugar. 

The  carbohydrates  may  he  conveniently  denned  as  compoundi 
of  carbon,  hydrogen,  and  oxygen,  the  two  last-named  elemab 
being  in  the  proportion  in  which  they  occur  in  water.* 

They  may  be  for  the  greater  jmrt  arranged  into  three  jnrap 
according  to  their  empirical  formula?.  The  names  and  formnlt 
of  these  groups,  and  the  most  important  members  of  each,  are» 
follows  : — 

Glmosws,  <  „H ,.(»,,.  n    \r    r\  Io#e«.  .C.H.-O.  ,. 


-  l>xtm<e.  +  Cane  sugar.  I  ■*■  Starch. 

-  L<viiln.<c'.  -!■  Lactose.  4-  Glycogen. 

-  Ualart.i^r.  -\  Maltose.  .  ^  Dextrin. 

I  (Vlluliw. 

(ilUIIS. 

J  

Thi*  +  and  — sign.s  in  the  alcove  list  indicate  that  the  sulfcUnet* 
to  which  they  are  prefixed  are  dextro-  and  levo-rotatory  respec- 
tively as  regards  ]>olarised  light. 

The  foruiuhe  given  above  are  merely  empirical  :  and  there  is 
no  doubt  that  the  quantity  //  in  the  starch  group  is  variable  and 
often  large  ;  hence  the  name  polysaccharide*  that  is  given  W 
the  group.  Keseareh  has,  moreover,  shown  that  the  glucoses 
are  either  aldehydes  or  ketones  of  hexatomic  alcohols  C^H^OHV 
Thus  dextrose  is  the  aldehyde  of  sorbite,  levulo&e  the  ketone  of 


*  TliN  tit-tin  it  ion  i<  only  a  rough  mie.  and  if  pushed  too  far  would  inri»k 
several  Mihstnnees  like  aeetie  aeiil,  laetic  acid,  and  inosite,  which  arc  art 
'•Imhvd  rates. 
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tmuiuite,  and  gals  aldehyde  of  dulcite*    The  amy  loses  may 

nlcd  as  the  Anhydride*  of  the  glucoses  [iiCjHuO^  — nlia<)  = 

(C^Hii^bJJ-     The  at*  b  condensed  glnooaos — iLe.  they  are 

formed  by  the  combination   of   two  molecules  ol  glucose  with 

i >f  s  a ter  ( i  'iiHidOfl+*  'flHi/'fi  —  HaO  = 
•n).  hence  the  term  tUtatcckMide.    The  following  are  the 
chief  facts  in  relation  to  each  of  the  prinoiptJ  carbohydrates  s~ 

Dextrose  or  Grape  Sugar. — This  carbohydrate  k  bund  In 

fruits,  honey,  and  in  minute  quantities  in  the  blood  and  Dimerous 

lifts  ns,  an- 1  fluids  of  tlie  liody.      It  is  the  form  of  sugar. 

Lite]  in  Urge  quantities  in  the  blood  ami  urine  in  the  disease 

De&trose  is  iotubk  in  hot  ami  eold  water  and  in  alcohol.     It  Is 

line,  but  not  so  sweet  as  eane  SUlga*.      When  betted  with 

>ug   potash    certain    complex   acids  are   formed    which   have  a 

yellow  or  brown  colour.     This  constitutes  Moorft  lest  for  sul 

In   alkaline  solutions   dextrose   reduce*  salts  of  silver,   bismuth, 

I  copper.     The  reduction  of  cupric  to  cuprous  salts 

't  t?*tf  which  is  performed  as  follows;  put  i 

few  drops  of  copper  sulphate  Into  a  test-tube,  then  solution  of 

dextrose,  ui id  then  strong  potash.    On  Hiding  the  potash  a 

precipitate  is  hist  formed  which  dissolves  forming  s  blue  solution. 

boiling  this  a  yellow  or  red   precipitate  (enprons  hydr.r- 
exkle)  fca 

On  bollii  itioti  of  dextrose  uiiti  an  alkaline  sohitioD  of 

picric   arid,   A   dark     red    Opaque    solution    due    to    redaction    to 

picramic  acid  is  produced.     Another  important  property  of  gBSgM 

«r  i*  that   under  the  influence  of  yeast  it  is  ooOTerted   into 

hoi  and  carbonic  acid  {U$Hyflt  =  2<'.,II,.u-|-j('i  i_.,i. 

Dextrose  may  be  estimated  by  the  fermentation  test,  by  the 

polarimeter,  and  by  the  use  of  Fehling'fl  solution.    The  last  method 

he  most  important :  h  rests  <»u  the  same  principles  as  Trounuer's 

and  we  shall  study  it  in  connection  with  diabetic  urine. 
Levulose. — When  eane  sugar  is  treated   with  dilute  mineral 
ds  it  undergoes  h  process  known  as  i  *  ,  \\  lakes  up 

U  r  and  is  converted  int<>  equal  parts  of  dextrose  and  levui 

Tlie     previously    dextrorotatory    solution     of     ■  gar    then 

onies   levo-rotatory,  the  levo-rotatory  power  oj    the  levulose 

tor  than  the  dextro-rotatory  power   of   the   dextrcee 

formed.     Heme  the  term  itwerrion.     Similar  hydrolytio  changes 

are  produced  by  certain  ferments,  such  as  the  invert  ferment  of 

the  intestinal  juice. 

Pure  levulose  ean  he  crystallised,  hut  so  great  is  the  difficulty 

L»f  obtaining  crystals  of  it  that  one  of  its  names  was  tmerfttaUu* 
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Small   gnaittftlei    of    levulose    lmv<  ii»i  m 

14 1,  urine,  and  muscle.     It  haj  been  recom  i»  an  snick 

Of  di<  t  hi  Jhlniis  in   place  of  OfdlDfl                *r  ;    in  this  disease  it 
DOt  appear   to    hive    the    liannful    ett'ect    th 

produce,     LeTuloee  gives  the  same  general  n  T.tn«c 

Galactose    is    formed    l>y   the   action    of    dilute   miner.. 
or   Inverting   ferments  on    lactose.      It    resemble*   dextfOi 

;  on  polarised  Light,  in  redi  ipric  salts  in  Troiamvri 

nod   in   being  le    with  Whn 

oxidised  by  means  of  nitric  acid  it  called  t*m 

■1  !,►*>*)»  which  is  only  slightly  soluble  in  water.     1 

when  treated  in  this  way  yields  an  arid — *.*.,  an  sorf 

with  the  nine  emp&riea]  formula,  called  m< 

very  soluble  in  water. 

[Inosite,  or  muscle  sugar,  is  found  in  muscle,  kidney,  lb 
other   parti  of  the  body   in  small  fjuantittes.      It  is  also  largrlj 
found  in  the  vegetable   kingdom.      Ji 
the  same  formula  as  the  glucoses.      It  is,    I 
and   careful  analysts   has   shown   that    it   n 
aroinat  to  leries.] 

Cane  Sugar  is  generally  distributed  in  tin 
hut  especially  in  the  jukes  of  the  sugar  earn*,  b  iudlu»t 

and  sugar  maple.     It  is  a  substance  of    great  impoi 
fowl.     It   undergoes  inversion  in  the  alimentary   canal 

kalline,  and  dextro-rotatory.     With  Ti  m 
a  bine  solution,  but  no  reduction  occurs  in  boiltnj  i  inter- 

BKH3  it  is,  of  course,  strongly  reducing, 

[nverfiion  may  be  accomplished  by  boiling  with  dilute  niincnl 
acids,  or  by  means  of  inverting  ferments  such  as  thai 
in  the  intestinal   juice.      It  then  takes  up  water,  and 
espial  parts  of  dextrose  and  levulosc. 

I      BM01}   ^    1IJ>       rji,  ft     .    i 

-u^nr  I  >t«xt  fOtm]  U>  '• 

With  yeast,  cane  sugar   is   first   inverted  by    ineai 
soluble  ferment  secreted  by  the  yeast  cells,  and  then  I 
alcoholic  fermentation  of  the  glucoses  so  form 

Lactose,  or  Milk  Sugar,  occurs  in  nulk.      it  is  occasi 
found  in  the  urine  of  women  in  the  early  days  of  1 

weaning.      It   i>   crystalUsable,  dextrcMXitat 
soluble  in  water  than  other  sugars,  and  has  only  a  sJightii 
If    gives  Tnniuners  test,   but    when   the   redu 
stod  quantitatively  by  Fehling's  solution  it  is  found  to  be 
;t  less  powerful  reducing  regent  than  dextrose,  in  the  j^i 
7  to  io. 
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When  hydrolysed  by  the  same  agencies  as  mentioned  in   ODD 
witli  tune  sugar  it  takes  up  water  wad  splits  into  dexl 
galactose. 

i'    HKnf|  +  H,0 

[LfcCtOee 

Mill  v.  ist  it  is  first  Inverted,  and  then  alcohol  is  formed.      Tins, 
•ccurfi  slowly. 
Tli'    lACtl€  ftCld  fermentation  which  occurs  wlicii  milk  turns  sour 

brought  about  by  lactic  acid  paioro-oarganiiima,  which 

limilar  to  yeast  cells,  Putrefactive  bacteria  in  the  intestine 
about  the  same  result.  The  two  itagss  oi  the  lactic  acid 
on  are  repmeated  in  the  following  equations: — 

[Lactose;  r.».  in-mad] 

(a,)    .i'MI..'*,  -  aCfHfCL  |  4OO,  j  *B 

[IjmsUc  m  w]    [Bh 

Maltose  is  the  chief  end  |  the  art  ion  uf  malt  diastase 

rch,  and   is  also  formed  as  an  intermediate  product  in  the 
of  dilute  sulphuric  acid  on   r  mbetanoe.     it  is 

ittf   sugar    for  1  in. 3    From    starch    by   the  diastatie   fermi 
ltaimd  in  the  saliva  and  pancreatic  juice,      (An  isomeric  sugar 
called    ieo-maliOM  is  also  formed  under  the   saim-  nrcum-' 

obtained  in  the  form  of  acioular  crystals,  and  is  strongly 
sxtoo-rotatory.    It  gives  TroeotDer'H  tesij  but  LU redacing power, 

measured  by  Fehlmgs  solution,  is  j  third  less  than  that  « »f 

dextrose. 

By  prolonged  boiling  with  water,  or,  mote  readily,  by  boiling 

with  a  dilute  mineral  acid,  or  by  means  of  an  inverting  ter- 
itii .-lit,  such  i>  ocoara  in  the  intestinal  juice,  it  is  converted  into 
iextrose. 

i  Maltose  J  l«.-Mi  - 

It  undergoes  readily  the  alcoholic  fermentation. 
Phenyl    hydrazine    teat. — The    three    important    reducing 
with  which  we  have  (0  deal  in  physiology  are  dextaroee, 

ctose,  and  maltose.      They  may  be  distinguished  by  their  rela 
tive  reducing  [towers  on  Fehliog's  .solution,  or  by  the  oheiw 
of  their  osazonea,      The  oassone  is  formed   in  each  case  by  adding 
phenyl  hydra/me  hydrochloride,  and  sodium  acetate,  and  boiling 
the   mixture   for  half  :in    hour.      Ie  lie  usawuie  is  de- 

posited in  the  form  of  bright  canary -coloured,  needle  like  crystals, 
usually  in  bunches,  which  differ  in  theii  1  rv^talline  form,  melting- 

poiut,  and  solubilities. 


I 
■ 
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Starch  is  widely  diffused  tlm  vegetable  ..    V 

occurs  in  nature  iu  the  form  of  □  pic   grains,  varying  to 

Ki.-li  a   ceutnl 

round    w  hioh   mi  <*  coo- 

I 

^rauul  with     la;, 

cellulose.       Cellulose    has    ver- 
ve value,  but  starch  is  a  mm 
11  n f m  irtant    food. 

Starch  is  insoluble  in  cold  waler 
forms  an  opalescent  solution  in  b 
r,  which  if  concentrated   gelatii  oling,      Its  mwt 

m  is  tlir  blue  colour  it  gives  with  Kod 
On  heating  starch  with  mineral  aci  rose  is  formed.     Bf 

the  action  of  diastatic  ferments,  u  is  the  chief  end  | 

In  both  cases  dextrin  is  aid  in  termed  the  process. 

Before   the   format  ion  of   dextrin   frh  -lution  li 

lubstance  called  whtbk  ntarek  being  formed.    This 
like  native  starch,  gives  a  bine  colour  with  iodine*      Althoi 
molecular  weight   of   starch   is  unknown,  the  formula  for 
starch  is  probably  ${CisJ£§flwfo      Equations  that  represent  the 
formation  of  sugars  and  dcxtrins  from  this  art  lex,  *nd 

are  at  present  only  hypothetical. 

Dextrin  is  the  name  given  to  the  intermediate  p 
the  hydration  of  starch  ur  gl  and    tffO  chief   I 

distinguished  \^-eryihro<l^x^rini  which  eddish-brown 

with  iodine;  and  aehroo-<kxtrin^  which  does  n«»t. 

It  is  readily   soluble  in   water,   but    insoluble    in    alcohol  and 
ether*      It   is  gummy   and  amorphous.      It   <h<  Troto- 

mcr>  test,  nor  does  it  ferment  with  yeast.      It   is  dcxti 
By  hydrating  agencies  it  is  converted  into  glue 

Glycogen,  or  animal   starch,   is  found   in   liver,   muscle,  ami 
white   blood-corpuscles.     It    is  also  abundant    in   all 
tissn- 

Glycogen  is  a  white  tastel<  ler,  soluble  in  water,  bat  it 

forms,    like  stanh,   an  opalescent   solution.      It   ta    n 
alcohol  and  ether.     It  i»  dextro-rotatory.     With  Trotnmerli 
it  j^ives  a  blue  solution,  but  no  red  net  inn  occurs  on  boiling. 

With  iodine  i1  reddish  or  port-wine  colour,  very  similar 

to  that  given  I'V  ery thro  dextrin.      Dextrin  n 
from  glycogen  by  (1)  the  fact  that  it  gives  a  clear,  not  an  opal«* 
cent,  solution  with  water;  and  (2)  it  is  not   precipitated  b] 
lead  acetate  as  glycogen  is.      It  is,  however,  precipitated   by  baftic 
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acetate  and  ammonia.      3    Glycogen  in  precipitated  by  55 
■hoi  ;  the  dextrins  require  85  per  cent,  or  more. 
Cellulose. — This  is  the  colourless  material  of  which   the  roll 
wnlls  and   woody   fibres  of  plants  are  composer).      By  treatment 
witl  mineral  acids  it  is,  like  starch,  converted  into  e;lu 

hut    with   much   greater  difficulty.      The    various    dig* 

ferments  have  little  fit  no  action  on  cellulose  ;  hence  the  necessity 

•f  lH.iliu^  starch  before  it  is  taken  as  food.     Boiling  bursts  the 

lllulose  envelopes  of  the  etarch  grains,  and  so  allows  the  digestive 

ixeh  proper. 

Cellulose   is    found    in  mmials,  ;is    in    the    test   or   (alter 

tmeetment  of  the  Tunicates. 


The  Fats. 
Fat   1-    found  In  small  ( piant i ties   in  many  animal   tissues.      It 
however,  found  in  huge  quantities  in  three  situations,  rft,, 
trow,  adipose  tissue,  mid  milk. 

The  content*  of  the  fat  efelli  of  adipose  tissue  are  thud  daring 

life,  the  normal  temperature  of  the  body  (36  t\,  or  99  F.)  being 

Eiaiderably  above  the  melting-point  (25  '  C)  of  the  mixture  of 

fata  found  there.     These  hits  are  three  in  number,  and  are 

fclled  palmititi,  stearin,  and  olein.     They  differ  from  one  another 

in  rhemieal  composition  and   in  certain   physical  characters,  such 

melting-point  and  solubilities,      Olein  melts  at  -5    0.*  palinitin 

it  450  CI,  and  stearin  at  53-66'  C.      It  is  thus  olein  which  holdfl 

her  two  dissolved  at  the  body  temperature.      Fats  are  all 

ohlble  in  h>a  ah  obo|,  ether,  and  ohlorofariPj  hut  insoluble  in  water. 

Chemical   Constitution  of  the   Fats. — The  fats   are  ooflfr 

pounds   of    fatty    acids    with    glycerin,   and    may    he   termed   »////- 

fe$  or  glyceric  rthew.     The  term  hydrocarbon,  applied  to  them 

by  some  authors,  is  wholly  incorrect. 

The    fatty    acids    form    a   series    of    acids    derived    from    the 
moiiatoinic  ftfeohole  by  oxidation.      Thus,  to  take  ordinary  ethyl 
loohol,  r.jHo<>,  the  first  stage  in  oxidation   tfl  the  removal  of  two 
ktOfZM  Of  hydrogen  to  form  aldehyde,  r.dljU.  on  tint  her  oxidation 

i4om  ol  oxygen  is  added  to  form  acetic  acid,  C9H4Q91 
A    similar  acid    can   he   obtained    from   all   the  other  alcohols, 
inj  : — 


Prom  met  In  I  aloohol 
ethyl 


propyl 

bu    * 


1. in  \  I 
amy  I 
hexyl 

and  so  on. 


CHrHO,  formic    101  I 
CjH^Ho  acetic 
t^H.JIO.  propionic  „ 
CJJrH0,  butyric     .. 

c_\HirHO,  rali 

0#Hw.HO, 


B.OOOH  i 
CHrCOOH 
calia.rooH 
C,HrCOOB 
C4HrC00H 


obtained* 
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Or  in  general  terms  : — 

From  the  alcohol  with  formula  CJl^+i.HO,  the  acid  with 
formula  C^H^.  j.COOH  is  obtained.  The  sixteenth  term  of 
this  series  lias  the  formula  C^Hg^COOH,  and  is  called  palmitic 
acid ;  the  eighteenth  has  the  formula  C17Ha6.COOH,  and  is  culled 
stearic  acid.  Kach  acid,  as  will  be  seen,  consists  of  a  radicle. 
t-'n.iH*.  i('°>  "uitwl  to  hydroxyl  (OH).  Oleic  acid,  however, 
is  not  a  member  of  this  series,  but  bclougs  to  a  somewhat  similar 
series  known  as  the  acrylic  series,  of  which  the  general  formula  is 
('„  iHj»n  jj-CooH.  It  is  the  eighteenth  term  of  the  series,  and 
its  formula  is  (YyHag.COOH. 

Glycerin  or  Glycerol  is  a  triatomic  -alcohol,  <1sH5(HO)j — i".*, 
three  atoms  of  hydroxyl  unite*!  to  a  radicle  glyceryl  (CsHj).  The 
hydrogen  in  the  hydroxyl  atoms  is  replaceable  by  other  organic 
radicles.  As  an  example,  take  the  radicle  of  acetic  acid  called 
acetyl  (CH3.rO).  The  following  formulae  represent  the  deriva- 
tives that  can  be  obtained  by  replacing  one,  two,  or  all  three 
hydroxyl  hydrogen  atoms  in  this  way  : — 

V  OH                   fOH  fOH  fO.CH,.C0 

i\U,\  OH  «'  h\     OH  CsH,-{  O.CHs.rO  C,hJ  O.CH-CO 

"  [  OH               *  [  O.CH..CO  I  O.CH?.CO  [  O.CHrC0 

"Olywrin;                  ^Monoacetin]  ^DiacetiDj  'Triacctm. 

Triacetin  is  a  type  of  a  neutral  fat ;  stearin,  palmitin,  and  oJein 
ought  more  properly  to  l>e  called  tristmrin,  trij*ilmitin,  aud  (ri- 
off  in  respectively.  Kaeh  consists  of  glycerin  in  which  the  three 
atoms  of  hydrogen  in  the  hydroxyls  are  replaced  by  radicles  of 
the  fatty  acid.     This  is  represented  in  the  following  formula;:— 

Arhl.  Itiulirh:  Fnt. 

l,ulmitii-!ii-i.H,=5Hni.COOH  Pahmtvl  C15H3l.CO  Palmitin  CsH5(OCl5HarC0;l| 
Sn-sirirafiil  C^H^COOH  Siraryl  C,.I1U.C0  Sttwrin  CsH,(OClTHw.C0;i1 
oleir  iii-iil       c^H^.COOH  Oli-yl        C,;iI,3.CO  OLoin        t^H^OC^H^COj, 

Decomposition  Products  of  the  Fats. — The  fats  split  up 
into  the  substanees  out  of  which  they  are  built  up. 

Cnder  the  influence  of  superheated  steam,  mineral  acids,  aud 
in  the  body  by  means  of  certain  ferments  (for  instance,  the  fat- 
splitting  ferment,  steapsin,  of  the  pancreatic  juice),  a  fat  combines 
with  water  and  splits  into  glycerin  and  the  fatty  acid.  The 
following  equation  represents  what  occurs  in  a  fat,  taking 
tri palmitin   as  an   example  : — 

<\n,(<>.C15H:lirO),   ~  3H,(>  _-.  CsH,(Om,  +  aC^CO.OH 
/rriiHtliuitiii-  -a  tat'  t  Glycerin  j       [Palmitic  acid— a  fatty  irid. 

In  the  process  of  saponification  much  the  same  sort  of 
reaction   occurs,    the  final   products   being  glycerin  and  a  com- 
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out  id  of   the   base   with    the   fatty  acid    which    is  called    :• 

i|>]*»s<\  tot  instance,  that  potassium  hydrate  we  get — 

i   u  3KHO 

[TnpftlniitJQ     a  tat  nn      (  FutA*siuin  jutlmiUtfr- *«oap] 

Emulsiflcation, — Another  change  that  fats  undergo  in  the 
iy  i»  very  different  from  saponification*    It  is  1  physical  rather 
a  chemical  change;  the  fat   is  broken  lip  into  rery  small 
les,  such  a.s  are  seen  in  the  natural  efltuMo* — milk. 
Lecithin  (<  ,0 11^ NTo9). — This  is  1   rery  oomplej   fat,  which 
fields  on  decomposition  not  only  glycerine  and  ?»  fatty  (46 
rid,    hut    phosphoric    acid,    and    an    alkaloid    [X.(CH:1);li  '.d  I  ,.,<»„  | 
died  chotiiu  in  additkm.     This  substance  fig  bond  t 
extent  in  the  nervous  system  (see  p.   171)'  Jl»'l  to  ,l  small  extent 
in  bile.     Together  with  cholesterin,  l  cryet&llifiable,  monatoaic 
aleobo]  r<  vnr,Hn),  which  we  shall  consider  mora  at  length  in 
tion  with  the  bile,  it  is  found  in  small  quantities  in  the 
rtoplasm  of  all  cells. 

The   Proteids. 

The  proteids  are  the  moat  important  substances  that  occur  in 
nimal  and  vegetable  organisms;  in  me  of  the  phenomena  of  life 
BOOT  without  their  presence  ;  and  though  it  is  impossible  to 

sitivelv  thai  they  ooenr  &s  such  in  living  protoplasm,  they  an 
invariably  obtained  by  subjecting  living  structures  to  analytical 

Proteids  are  highly  oomplea  compounds  0!  carbottj  hydrogen, 
ti,  nitrogen,  and  sulphur  occurring  m  n  solid  risooufl  em- 

lit  ion  Off   in    solution   in   nearly  all    the  liquids   and   solids   of  the 

*lv.     The  different  members  of  the  group  prcsetd  differences 
m  chemical  and  physical  properties.     They  all  nosassoj  however, 

tain   common  chemical   reactions,  and  are  united   hv   |   el 
genetic   relationship. 

The  various  proteids  differ  a  good  deal   in  elementary  oomppsi- 
tion,      Hoppe  Sevier  gives  the  following  percentages: — 


1 

B 

X 

s 

0 

I'v-nn 

5i  5 

6*9 

IS'2 

oj 

20*9 

To 

545 

T3 

17*0 

20 

23'5 

\\  1  are.  however,  not  acquainted  with  tin? constitutional  formula 
of  proteid  suhstancts.  There  have  been  many  theories  on  the 
subject,  hut  practically  all   that  is  known  with  certainty  is  that 

ny   different   si  s   may   be  obtained    by  the   do : 'om posi- 

tion »»f  proteids.  How  they  are  built  up  into  the  proteid  niole- 
eule   «  unknown.      The  decompositions   that  occur   in  the  body 
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ir-. .  :::  i.rrvver.  different  from  those  which  can  l>e  made  to  occur 
::.  the  laboratory :  hence  the  conclusion  tliat  living  protoplasm 
ii-for-  -:iiv\ii;«t  fp'in  the  non-living  proteid  material  obtainable 
fr  :;.  ::. 

«i  I::  :?.•.-  r--iy.  I'arUjnic  acid,  water,  and  urea  are  the  chief 
rii.a:  ;»r-i \<;t>.  (■lyc»iciiie.  leucine,  creatine,  uric  acid,  ammonia, 
*«.-..  ;iri-  pp/r *) ily  intermediate  products.  ( arbohyd rates  (glycogen; 
and  fats  may  al>o  originate  frc»ni  proteids. 

*2  •  •iitM«le  the  1n>1v.  Various  strong  reagents  Wreak  up  pro- 
li-iN  iiit"  ammonia,  carbonic  acid,  amines,  fatty  acids,  aniido-acuh 
likv  h-i'.-ine  and  anrinine,  and  aromatic  compounds  like  tyrosine. 

Solubilities. — All  pmtcids  are  insoluble  in  alcohol  and  ether. 
S-iiiif  are  ^iluble  in  water,  others  insoluble.  Many  of  the  latter 
art-  soluhh-  in  weak  saline  solutions.  Some  are  insoluble,  othen 
soluble  in  concentrated  saline  solutions.  It  is  on  these  varying 
Si-Iuhiliti^  that  proteids  are  classified. 

All  prv.it eids  are  soluble  with  the  aid  of  heat  in  concentrated 
mineral  acids  and  alkalies.  Such  treatment,  however,  decomposes 
as  well  as  dissolves  the  proteid.  Proteids  are  also  soluble  in  gastric 
and  jKincrcatie  juices :  but  here,  again,  they  undergo  a  change, 
beinjr  converted  into  a  hydmted  variety  of  proteid,  of  smaller 
molecular  weight,  called  peptone.  The  intermediate  substances 
formed  in  this  process  are  called  pwteoses  or  albumo*?*.  Commer- 
cial peptone  contains  a  mixture  of  proteoses  and  true  peptone. 

Heat  Coagulation. — Most  native  proteids,  like  white  of  egg, 
are  rendered  insoluble  when  their  solutions  are  heated.  The- 
temperature  of  heat  coagulation  differs  in  different  proteids;  thus 
myosinogen  and  fibrinogen  coagulate  at  56°  C\,  serum  albumin  awl 
serum  irluhulin  at  about  75-  ('. 

The  proteids  which  are  coagulated  by  heat  come  under  itu 
classes  :  the  nlhumim  and  the  globulins.  These  differ  in  solubility : 
the  albumins  are  soluble  in  distilled  water,  the  globulins  r&uiirv 
salts  to  hold  them  in  solution. 

IndifTusibility.-  -The  proteids  (peptones  excepted)  belong  to 
the  class  of  substances  called  rollout*  by  Thomas  <Jraham  :  that 
in,  they  pass  with  difficulty,  or  not  at  all,  through  animal  mem- 
branes. In  the  construction  of  dialysers,  vegetable  parchment  is 
largely  used. 

Proteids  may  thus  be  separated  from  diffusible  [nyttaUnbl) 
substances  like  salts,  but  the  process  is  a  tedious  one.  If  some 
serum  or  white  of  c^  is  placed  in  a  dialyser  and  distilled  water 
outside,  the  greater  amount  of  the  salts  passes  into  the  water 
through  the  membrane  and  is  replaced  by  water  ;  the  two  proteuls 
albumin   and  globulin   remain   inside  ;    the   globulin  is,  however, 
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reoiplt  t ht»  salts  which  previously  kept   it    in  solution  ;nv 

Hnoved. 

The  terms diffusion  and  osmceia  should  be  distinguished  from  each  other, 
tt  wnia    Kcarefnllj  poured  on  the  ■  sohnioii  of  anj  pobstBaee, 

mc  gradual!]  spreads  tbrougta  the  water,  urn l  the  composition 
the  mixture  becomes  atiiform  in  time.    The  time  occupied  is  ihorl 

3 i «i  11 1    chloride,  and    long   f« »t    substances    like   alliuinm. 
lh«    phenomen  UJftfHtm*     If  the  Bduttoua  ere  separates'  by  n 

'nine  the  term  sfStsvii  in  employed. 

Crystallisation. —  HiemogkbJn,  tin    red  pigment  of  the  blood, 

oteid  substance  mi  I  in  corystallisable  (for  further  details: 

11m     Blood,  Chapter    JCXVl.).      Like    other   proteich    it    has  an 

iiorniouslv  large  molecule  ;  though  <-i  ystalline,  it  is  not,  ho  v. 

sryetaUoid  in  Graham's  sense  <«f  that   term,     Blood  pigment  is 

i<>t  the  only  crystal  lisahl  I?  protcid.     Long  ago  cry  stale  of  protcid 

'in  or  vi  tell  in)  were  observed  in  the  aleurooe  grains  of  many 

•eds,  and  in  the  similar  proteid  occurring  in  the  egg-yolk  of  some 

Knei  and  amphibians.     Ry  appropriate  inethodi  these  have  been 

fparaU'd  ami  n '-crystallised,    Farther,  egg-albumin  itself  has  been 

llised.      If  a  solution  of  white  of  egg  is  dilated  with  half  its 

polume  of  saturated  solution  of  ammonium  sulphate,  the  globulin 

present  is  precipitated  and  is  removed  by  filtration,     The  filtrate 

now  allowed  to  remain  some  days  at  the  temperature  of  the  uir, 

as  it  becomes  more  concentrated  from  evaporation,  minute 
spheroidal  globules  and  finally  minute  needles,  either  aggregated  or 
separate,  make  their  appearance  (Hofmeister),  Crystallisation  ia 
iiiueh   more  rapid  and  perfect  if  a   little  acetic  ■<«  id   is   ad 

I  (Hopkins),     Serum  alhtimin  has  also  been  similarly  crystallised 
(Gurber). 
Action  on  Polarised  Light. — All  proteidi  are  levo-fotatory, 
amount  of  rotation  varying  with  individual  proteids. 
Colour  Reactions.  — The  principal  colour  reactions  by  which 
proteidi  1  oised  are  the  following: — 

(i)    The    BWMho-proteic   n  if   a    few    drops   of   nitric 

acid  arc  added  to  1  solution  of  a  proteid  like  white  of  egg, 
the  result  is  a  white  precipitate  ;  this  and  the  surrounding 
liquid  become  yellow  on  boiling  and  are  turned  orange  by 
ammonia.  The  preliminary  \\hit<  precipitate  is  not  given  try 
lie  proteids  like  peptones  ;  the  colours,  however,  are  always  the 
same. 
(2)  Milton's  reaction.     Milion*a  reagent  is  ■  mixture  of  mercuric 


liist   two  colour   reactions  describe!  oVpeml  on   rlic  presence  in 
of  aromatic  ra«i 


is  n* 
tod 
sphe 
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and  mercurous  nitrate  with  excess  of  nitric  acid.  This  give  * 
white  precipitate  with  proteids  which  is  turned  brick-red  on 
boiling. 

(3)  Copper  sulphate,  or  Piotrowskfs  t€8t.  A  trace  of  copper 
sulphate  and  excess  of  strong  caustic  potash  give  with  most 
proteids  a  violet  solution.  Proteoses  and  peptones,  however,  give 
a  rose-red  colour  instead ;  this  same  colour  is  given  by  the 
substance  called  biuret  ;*  hence  the  test  is  generally  called  the 
biuret  reaction. 

Precipitants  of  Proteids. — Solutions  of  most  proteids  are 
precipitated  by  : — 

1.  Strong  acids  like  nitric  acid. 

2.  Picric  acid. 

3.  Acetic  acid  and  potassium  ferrocyanide. 

4.  Acetic  acid  and  excess  of  a  neutral  salt  like  sodium  sulphate; 
when  these  are  boiled  with  the  proteid  solution. 

5.  Salts  of  the  heavy  metals  like  copper  sulphate,  mercuric 
chloride,  lead  acetate,  silver  nitrate,  «fcc. 

6.  Tannin. 

7.  Alcohol. 

8.  Saturation  with  certain  neutral  salts  such  as  ammonium 
sulphate. 

It  is  necessary  that  the  words  coagulation  and  precipitotim 
should  in  connection  with  proteids  be  carefully  distinguished. 
The  term  angulation  is  used  when  an  insoluble  proteid  (coagulated 
proteid)  is  formed  from  a  soluble  one.      This  may  occur : 

1 .  When  a  proteid  is  heated — heat  coagulation  ; 

2.  I'nder  the  influence  of  a  ferment ;  for  instance,  when  a  curd 
is  formed  in  milk  by  rennet  or  a  clot  in  shed  blood  by  the  fibrin 
ferment — -fir  mm  t  coagulation  : 

3.  When  an  insoluble  precipitate  is  produced  by  the  addition 
of  certain  reagents  (nitric  acid,  picric  acid,  tannin,  <fcc). 

There  are,  however,  other  precipitants  of  proteids  in  which  the 
precipitate  formed  is  readily  soluble  in  suitable  reagents  like 
saline  solutions,  and  the  proteid  continues  to  show  its  typical 
reactions.  Such  precipitation  is  not  coagulation.  Such  a  preci- 
pitate is  produced  by  saturation  with  ammonium  sulphate. 
(Vrtain  proteids,  called  globulin*,  are  more  readily  precipitated 
by  such  means  than  others.      Thus,  serum  globulin  is  precipitated 


*   liiuivt  is  fnrmod  l»y  hcatinir  solid  urea  :  ammonia  passes  off  and  leares 
biuret.  tliu>  : — 

2('ON.2II,  -    NH:<  =  0*0?N,H« 
I  Urea1        [Ammonia']      [Biuret T« 
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half-saturation   with  ammonium    sulphate*     Full   saturation 
with  ammonium  sulphate  precipitates  ill  proteids  but  peptone. 

globulins   are   precipitated    by  certain    salts,    like    (sodium 
ehloridt  piiewum  sulphate,  which  do  not  precipitate  the 

albumin*. 

The  precipitation  produced  by  at  1 >hol  is  peculiar  in  that 

a  time  it  becomes  *  coagulation.      I'roh  id   freshly  precipitated  by 

alcohol   is  readily  soluble  in  water  or  saline  media  ;  but  after  it 

been  allowed  to  stand  some  weeks  under  alcohol  it  becomes 

re  and  more  insoluble.     Albumins   and  globulins  are   mod 

dilv     rendered     insoluble    by    this    method  J    proteoses    and 

tomes    are    never    rendered    insoluble    by     the    action    of 

ideohol.     This  faet  is  of  value  in  the  separation  of  these  proteids 

from  others. 

Classification  of  Proteids. 


B«>th  animal  and  vegetable  proteids  can  be  divided  into  the 
following  classes.  We  shall,  however,  be  chiefly  concerned  with 
fche  animal  proteids  :■ — 

Class    I.      AlbuminB. — These  are    soluble    in   water,  in   dilute 
saline  solutions,  and  in  saturated  solutions  of  sodium  chloride  and 
jm'siutn  sulphate.     They  are,  however,  precipitated  by  satu- 
rating their  solutions  with  ammonium  sulphate.     Their  solutions 

are  coagulated  by  beat,  usually  at    70-73    i1.      Serum   albumin, 
dbumin,  and  laol  albumin  are  instances. 
IS    II.      Globulins.—  These  are  insoluble   in  water,  soluble 

in  dibit*-  saline  solutions,  and  insoluble  in  conoentrated  solutions 

ol   neutral   suits    like  sodium   chloride,    ni^Tn'sium    sulphate,  and 

ammonium   sulphate.     A   globulin   dissolved  in  s  dilute  saline 
solution  may  therefore  be  precipitate^ — 

1      By  niiiovini:  the  salt  -by  dialysis  («oe  p.  382). 
2.    Bj  increasing  the  amount  of  salt.      The  best  salts  to  employ 
ammonium  sulphate  (half-saturation)  or  magnesium  sulpi 
ara|  ton  1. 
The  globulins  are  coagulated  by  beat ;  the  temperature  ol  heat 
coagulation  varies  considerably.     The  following  are  Insfcanece ' — 
fa)  Fibrinogen  \  .    .,     ,   , 

,   .     ,.     f  .  .     r    >       in  blood-plasma. 

(fi)   .Serum  globulin  (para^toluiiin)  ^  ■ 

Uyosinogea  In  mttscle, 

(d)  <  ry  stall  in  in  the  crystalline  lens. 

If  we  compan  together  these  two  classes  of  proteids,  the  most 
important  of  the  native  proteids,  we  tiucl  that  they  all  give  the 

eneral  test-,  that  all  at ogtilafced  by  heat,  but  that  they 

e  c 
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(lifter  in  their  solubilities.     Thus  difference  in  solubility  may  be 
stated  in  tabular  form  as  follows : — 


Hcagent.                                 ' 

Albumin. 

(iluhoha. 

Water 

soluble 

insoluble 

Dilute  saline  solution    .         .         .         .  | 

soluble 

soluble 

Saturated  solution  of  magnesium  sul-  | 

phate  or  wxlium  chloriile  .    '     . 

soluble 

in^iluble 

Half-sat  unit  imI  solution  of  ammonium  1 

sulphate , 

soluble 

instil  ul  ile 

Sat  unit  11 1  solutinii  of  ammonium  sul-  1 

phat* ; 

insoluble 

iiu-"luble 

Class  HI.  Albuminates  are  compounds  of  proteid  with 
mineral  substances.  Thus,  if  a  solution  of  copper  sulphate  is 
added  to  a  solution  of  albumin  a  precipitate  of  copper  albuminate 
is  obtained.  Similarly,  by  the  addition  of  other  salts  of  tie 
heavy  metals  other  metallic  albuminates  arc  obtainable. 

The  albuminates  which  arc  obtained  by  the  action  of  dilute 
acids  and  alkalis  on  either  albumins  or  globulins  are,  however,  of 
greater  physiological  interest,  and  it  is  to  these  wc  shall  confine 
our  attention.  The  general  properties  of  the  ncni-albumin  or 
syttfontH,  and  the  aIk(iU-ti!fmmin,  which  arc  thereby  respectively 
formed,  arc  as  follows :  they  are  insoluble  in  pure  water,  but 
arc  soluble  in  cither  acid  or  alkali,  and  are  precipitated  bx 
neutralisation  unless  certain  salts  like  sodium  phosphate  are 
present.  Like  globulins,  they  are  precipitated  by  saturation  with 
such  neutral  salts  as  sodium  chloride  and  magnesium  sulphate. 
They  arc  not  coagi dated  by  heat. 

A  variety  of  alkali-albumin  (probably  a  coni]>ound  containing  a 
large  quantity  of  alkali)  may  be  formed  by  adding  strong  potash 
to  undiluted  white  of  egg.  The  resulting  jelly  is  called  Litbrr- 
triihiix  ./'////.  A  similar  jelly  is  formed  by  adding  strong  acetic 
acid  to  undiluted  egg-white. 

(lass  IV.  Nucleo-proteids. — (-omjiounds  of  proteids  with 
nuclein.  They  are  found  in  the  nuclei  and  protoplasm  of  cells. 
Carcinogen  of  milk  and  vitellin  of  egg-yolk  are  similar  substances. 
In  physical  characters  they  often  closely  simulate  mucin  ;  in  fact, 
the  substance  called  mucin  in  the  bile  is  in  some  animals  a 
nucleo-protcid.  They  may  be  distinguished  from  mucin  by  the 
fact  that  they  yield  on  gastric  digestion  not  only  peptoue  but 
also  an  insoluble  residue  of  nuclein  which  is  soluble  in  alkalis, 
is  precipitable  by  acetic  acid  from  such  a  solution,  and  contains  a 
high  percentage  (6-8)  of  phosphorus. 
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the  nucleo  proteids  also  contain  iron,  and  it  its  probable 

%t  the  normal  supply  of  iron  to  the  body  is  contained  in  the 

aleo-proteids,  or  hoBcaatogeafl  (Btmge),  of  plant  and  animal  nil-. 

relationship  of  nueleo  proteids  to  the  coagulation  of  the 

<**!  i--  described  in  the  next  chapter. 

co- proteids  may  be  prepared  from  cellular  structures  like 
hyraua,  kidney,  &C,a  by  tWO  methods :  — 

1     \\%><>f,h-(<l:i-  a?.— -The  organ  1    oaittood  and  soaked  in 

iter  few  twenty- four  hours,     Noetic  acid  added  to  the  sqw 1 

Btract  preoipitatee  the  aucleo*proteid,  or,  as  Wooldridge  called 
rue  fibrinogen, 

vtium  chJtcridt  method. — The  minced  organ  is  ground  up 
it  u    with    -"Ul    -odium    chloride;    the  resulting  viscous 
is  poured   tut  of    din  tilled   water,   and    the   nucleo- 

id rises  in  strings  to  the  top  of  the  water. 
The  solvent  usually  employed  for  a  nucleo- proteid,  whichever 

Iftthod    it   is   prepared   byf    is   a    1    per  cent,    solution   of  sodium 

(These  products  of  digeetioo  will  he 
studied    in    oonnectaoo    with    thai 

I      subject  - 
VII.  Coagulated    Proteids.  —  Then-    an     two    sub- 

■  — 

1'roteids  in  which  coagulation    has  been  produced  by  hen  l  ; 

re  innoluble  in  water,  saline  solutions,  weak  acids,  and  weak 

Ikalis  ;   they  arc  soluble  after  prolonged  boiling  in  concentrated 

ilieral    acids;   di&BOlved    by    gastric   find    pancreatic   juices,    [hey 

[re  rise  to  pepti 

Proteida    in    which   coagulation    has    been    produced    by 
ferments : — 

i.  Fibnn  (see  Blood). 
ii,  Myosin  (see  Mubcli). 
lit.  ( Sasein  {see  Milk). 


\       Proteoses 
(fl  VI,    Peptones 


The  Folarimeten 

This  instrument  is  one  by  means  of  which  the  action  of  various 
mbatatices  on  the  plane  of  polarised   light  can  be  observed  and 
a  red. 
Most  i>i  the  carbohydrates  ire  dextrorotatory. 

All  the  proteids  an-  |<-\ o -JTOtatGI \ . 

There  are  many  varieties  of  the   instrument;  these  can   only 
be  properly  studied  in  n  practical  class,  and  all  one  can  do  here 
briefly  the  principles  on  which  they  are  oonatrw 


r 


the  cHBuiCAi  run  bom 

Suppose  on*  is  shooting  arrows  at    i  Eeooa 
val  palings;  suppose  also  that  the  arrows  are  flat  like  tkr 
laths  ol  b  Venetian  blind.     If  the  trrov 

will  pan  easily  through  the  gape  U-t  if  uVt 

are  shot  horizontally  they  will  ; 

This    roujfh    ill  ust  rat  inn    will    help  us    in    undcrstandii]. 
meant  Irj   polarised    light     Ordinary  produced  fag 

n  ml  illations  of  filter  occurring  in  all  directions  at  right  angles  to 
the  path  of  propagation  ol  the  wave,     Polar 

by  undulations  m  one  plane  only  ;    we    may  compare  it  I 
iWS, 

In  a  polarimeter,  there  is  at  one   end    of    the    instrument  • 
Nicol's  prism,  which  is  made  of  Iceland  span      Th  *  the 

light  which  pattoa  through  it  j   it  is  called    the  pol&riser.     At  lb 
other    end    of    the    hist  run  a *n1  the   anal 

Between  the  two  is a  tube  which  can  be  filled  with  fluid.    1/  the 
analyser  is  parallel  to  the  polarieer  the  lij_'ht  will  pass  throng 
the  aye  oi  the  observer.     But  if  the  analyser  is  at  right  angle*  u> 
the  polarizer  it  is  like  the  Bal   arrows   hutting   horizontally  tJu 
vertical  palings  of  the  Fence,  and  there  is  darkness,     At 
mediate  angles  there  will  he  intermedial  I  illuininifrao. 

If  the  analyser  and  polarise?  are  parallel  and   the  iutennediftte 
tube  filled  with  water,  the  li^ht  will  pass  as  usual,  irstsi 

has  no  action  on  the  plant  of  polarised  light.      But  if  the  wisw 
contains  sugar  or  some  '  optically  active J  oe  in  id 

the  plane  is  twisted  in  one  direction  or  the  other  accord i. 
substance  is  dextro-  or  levo  rotatory.     The  amount  of  rotation* 
measured  by  the  number  of  angles  through  which  the  analvwr 
has  to  be  turned  in  order  to  obtain  the  full   illumination, 
will  vary  with  the  length  of  the  tube  and   th.  H  of  U* 

solution. 

Albuminoids. 

The  albuminoids  are  a  group  of  subs  which,  tl 

similar  to  the  proteids  in  many  particulars,  differ  from  then 
ertain  other  points.     Hie  principal  members  of  the  group  ait 
the  following  : — 

Collagen,  the  substance  of  which  the  white  fibres  of  eonn« 
tissue  are  composed.     Some  observers  regard  it  as  the  anhydride 
of  gelatin.     In  bone  it  is  often  called 

Gelatin. — This  substance  is  produced  by  boiling  collagen  with 
water.      I;  possesses  the  peculiar  property  of  setting  into  a  jelly 
when  a  solution  made  with  hot  water  cools.      It  gives  most  of  die 
id   colour   tests.     Many  observers   state,    however, 
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contains  no  sulphur.     On  digestion  >t  is  \\U>   proteid  converted 
like  shI.-  ltd  La  readily  absorbed     Though  it 

will  replace  in  diet  a  certain  quantity  of  proteid,  icting  as  what 
ailed  a  '  proteid-sparing '  food,  it   Dannol  altogether  take  the 
place  of  proteid  as  a  food.     Animals  fc«I  on  gelatin  instead  of 
proteid  waste  rapidly. 

mdrin,   the   very  similar  subst.ii  hied    from    hyaline 

nmtilagfi,  is  a  mixture  of  gelatin  with  mncanoid  inaterials, 

Mucin.— This  is  a  widely  distributed  tuning  in 

epithelial  cells  or  shed  out  by   them  (mucus,   mucous  glands, 
goM  l  and  in  connective-tissue,  where  it  bantu  the  chief 

stituenl  of  the  ground  substance  »r  intercellular  material. 
There  are  several  varieties  oi   mucin,  but   all   agree    in 
f ol  lu  w  i  n jr  p< >i  n  ts  : — 

Physical  character.      Viscid  and  teuaoiotUL 
Preci  pi  lability  froui   solutions    (>y  acetic  acid.     They  arc 
soluble  in  dilute  alkalis,  like  lime  water. 

(*•)  They  are  all  compounds  of  i  proteid  with  a  carbohydrate 
called  animal  gum,  which  by  treatment  with  dilute  mineral  acid 
can  be  hydrated  into  a  reducing  but  mm-i'ermeniabh-  sugar.1 

Elastin. — Thie  is  the  Bubstance  of  which  the  yellow  or  elastic 

fibres  of  connective-tissue  are  composed,     It  is  a  very  insoluble 

teriaL     The  sarcolenmia  of  muscular  fibres  and  certain  base* 

it  mem  hi  .  ery  similar. 

Huclein,  the   chief  constituent  *»f  cell-nuclei,     lis    phj 

characters    are   something    like   those    of    mucin,   but    it    differs 

lly    in    containing    a    high    percentage   of    phosphorus. 

Nuclein  is  identical  with  the  chromatin  of  bistol  e  [>.   r  i  j. 

On  eitioo  nucleic  yields  a  complex  organic  acid  called 

nucleic  acid,  together  with  a  variable  amount  of  proteid. 
Nucleic  acid  on  decomposition  yields  phosphoric  acid  and 
various  bases  of  the  xanthine  group.  Some  forme  of  nucleic, 
sailed  pseudo-nucleiOi  such  as  are  obtained  from  Casein  and 
v  it  ell  in,  differ  from  the  true  nucleius  in  not  yielding  these 
line  or,  as  they  are  sometimes  termed,  alloxurie  be 

Keratin,  or  horny  material,  is  the  substance  found  in  the 
Surface  layers  of  the  epidermis,  in  hairs,  nails,  hoofs,  and  horns. 
It  is  very  insoluble,  and  chiefly  differs  from  proteids  In  Its  high 
percentage  of  sulphur.  V  dmnar  subetanoSj  called  nturoktratu^ 
is  found  in   neuroglia  and  nerve  fibres.      In  this  connection   it  is 
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interesting  to  note  that  the  epidermis  and  the  nervous  ay  stem  we 
both  f on ned  from  the  same  layer  of  the  embryo^the  epiblast 

Protamines. — These  are  basic  substances  which  are  combined 
with  nuclein  in  the  heads  of  the  spermatozoa  of  certain  nshea 
(>almon.  sturgeon,  ifcc).  They  resemble  proteids  in  many  of 
their  characters;  ^.#/.,  they  give  the  biuret  reaction  and*omeof 
the  other  tests  for  proteids.  They  are  regarded  by  Kossvl  as 
the  simplest  proteids.  By  decomposition  in  various  ways  they 
yield  bases  con  taming  six  atoms  of  carbon,  and  culled  in  om- 
i»eqiu»nce  the  hexw-  liases :  the  Liases  are  named  lysine,  arginiue, 
and  histidiue. 


Pmtitniinr  ni-H<Hm"  Arginine  Ly*n* 

The  inure  complex  proteids  and  albuminoids  yield  these  taae» 
also,  and  so  Kossel  considers  that  all  these  substances  am  tain 
a  protamine  nucleus.  The  more  complex  proteids,  however, 
yield  many  other  products  of  decomposition  in  addition  to  uW 
bases,  such  as  leucine  and  tyrosine. 


Ferments. 

The  word  fermentation  was  first  applied  to  the  chaise  of 
sugar  into  alcohol  and  carbonic  acid  by  means  of  yeast.  The 
evolution  of  carbonic  acid  causes  frothing 
and  bubbling;  hence  the  terui  'ferment* 
tion.?  The  agent,  yeast,  which  produces  thia, 
i*  called  the  ferment.  Microscopic  investiga- 
tion shows  that  yeast  is  composed  of  minute 
rapidly -growing  unicellular  organisms (tonila) 
belonging  to  the  fungus  group  of  plants. 

The  souring  of  milk,  the  trunsformatiou  of 
urea  into  ammonium  carbonate  in  decompos- 
ing urine,  and  the  formation  of  vinegar  (acetic 
acid)  from  alcohol  are  brought  about  by 
very  similar  organisms.  The  complex  series 
of  changes  known  as  putrefaction,  which  are  accompanied  by  the 
formation  of  malodorous  gases,  and  which  are  produced  by  the 
various  forms  of  bacteria,  also  come  into  the  same  category. 

That  the  change  or  fermentation  is  produced  by  these 
organisms  is  shown  by  the  fact  that  it  occurs  only  when  the 
organisms  arc  present;,  and  stops  when  they  are  removed  or 
killed  by  a  high  temperature  or  by  certain  substances  (carbolic 
acid,  mercuric  chloride,  tfce.)  called  antiseptics. 


Fijr.  ;/■'.  -Cell*  oi  the 
yfftst  plant  in  proi-oati 
of  budding. 
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The  'genu  theory1  of  disease  explains  the  tnfeottodi  diaoaeeo 

usidenitL'  thai    the  rlmi^i-  in  1 1  m    system  is  of  lbs  nature  of 
station,  and,  like  tin    other!  we  have  mentioned,  produced 
crobee;  the  transference  of  tin-  bacteria   or.   their  spores 
•hi  one  person  to  another  wmstitutea  infection.     The  jxiisons 
sluced  by  the  growing  bacteria  appear  to  be  either  alkahmlal 
ptomaines)    or  proteid    hi   nature.      The  existence  of   poiaoi 

-  rv  remarkable  thing,  as  ho  chemical  differenced 

be  shown   to  exist   between   them  and   those  which  are  not 

poisonous,    but    which  are   useful  as   foods.     The  moat  virulent 

jKMson    in   existence,   namely  snake   poison,   is   a    pmteid  of   the 

class. 

There  in  another  ela^s  of  chemical  transformations  which  differ 

very   considerably  from   all  of   these,       They,    however,   resemble 

mentations  in  the  fact  that   the]  oooui  independently  of 
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1'yjn-.  of  mi<Tr>-oi>rnn^inH,     n,  1  Jy  ;  in  twi» 

if  all  the  micrococci  %\  4  weregnmueJ  together  they  would  be  called  staphylococci— 
and  in  foux»<  n  <'hiun*t.  silnjiNm*  ■  1  .  1  of  various 

kind-  itti  t?riff"l]iLin> ; '.  vnriouj  farm*  >i  qfcCttf  1    .  ipan*  •  iflfei  1 
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apparent  change  in  the  agents  that   produce  them.     The 
nts  that  produce  them  are  not  living  organisms,  but  ohemiod 

iubf  result    of    the    activity    of     living    cells.      The 

change  of  starch  into  supir  by   the   ptyalin  of  the  saliva  is  an 

Ferments  may  therefore  he  divided  into  two  chases: — 

1.  The  organised  ferments — -tomhe,  bacteria,  £e 

:.  The  unorganised  ferments,  or  enzymes-  -like  ptyalin. 

Bach  may  he  again  subdivided  according  to  The  nature  of  the 

chemical  change  produced 

In  digestion,  the  itudj  of  which  we  shall  soon  be  oominencmg; 

it  is  the  unorganised  ferments  with  the  action  of  which  we  have 

chiefly  to  deal. 
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The  unorganised  formj 

(a)  Amylolytic— those  which  change  amy 

k)  int<>  sugars.     Examples;  ptvalin,  diustaae,  antylopi 

(A)  Proteolytic — those  which   chauge  pnttLji«U   im 
and  peptones.     Examples:  pepsin,  trypsin. 

(r)  steatolytic — those  which  split  fata  into  >  idi  ami 

glycerine,     An  examples  stcapsin,  is  found  W 

((f)   Inversive — those   which   convert    saceh-  *«g»rt 

maltose,  lactose)  into  plucosc\      Examples:   invertin  of  intestinal 
juice  and  of  yeast  cells. 

(?)  Coagulative- -those    which  convert    soluble   into   \u 
proteids.     Examplo  :  rennet,  fibrin  ferment,  myosin  fern 

HobI  ferment  actioni  are  hydrolytie — /.*>.,  water  ii 

t Le   material    acted   on,    which    then    splits     into    m 
This  is  seen  hv  the  following  examples  :  — 

i.   Conversion  of  cellulose  into  carbonic   acid  and  mar 
(methane)  by  putrefactive  organisms — 


.lll(,n,)i»  +  uH;U  =  3nC,t»,+  JiH  H, 

rOellutoieJ         [Water]      |<   i 

aria  | 

2.   Inversion    <if    oane    sugar    by    the    unorganised    r 
invert  in— 

CnH„0n+H,0=(W>,+C6HuO, 

(Dane sugar)      [Water]    [Ucxlv^v]        [Lovut 


A  remarkable  fact   concerning  the  term 
stances  they  produce  in  time  put  a  Btop  to  their 
in  the  ease  of  the  organised   ferments,  the  alcohol    produced  br 
yeast,  the  phenol,  cresol,  v-  ,  produced  by  putrefactive  organim 
from   proteids,  first  stop   the  growth  of   and    tilth)  till  thl 

organisms  which  produce  them,      in  the  case  of   the 
ferments  the  products  of  their  activity  hinder   ai 
their  action,  hut  on  the  removal  of  these  products  the  ferraruts 
resume  work. 

Ferments  act  best  at  a  temperature  of  about   40    C      Their 
activity  is  stopped,  but  the  ferments  are  not  destroyed 
it  is  stopped   and   the   ferments    killed  by   to 
certain  amount  of  moisture  and  oxygen  is  also  tn 
are,    however,    certain    micro-organisms    that    act    without   frw 
oxygen,  and  are  called  anaerobic  in  contradistinction  to  daw 
which  require  oxygen,  and  arc  called  aerobic. 
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The  chemical  nature  of  the  enzymes,  or  unorganised  ferments, 

Yery  difficult  to   investigate;  they  are   substances  that    Audit 

grasp  of  the  chemist   to  ft  great  extent.      So   far,  however, 

Lfoh  has  taught   us  that  they  are  either  proteid  in   nature  or 

substances  closely  allied  to  the  proteids. 


CHAPTER  XXVI. 


ec 

tli 
ot 


THE  ivhooix 

The  blood  is  the  fluid  medium  by  means  of  which  all  tin- 
of  the  body  are  directly  or  indhectlv  nourished;  hy 
means  of  it  also  such  of  the  materials  resulting  from  the 
metabolism  of  the  tissues  which  arc  of  do  further  aee  in  the 
economy  are  carried  to  the  Moratory  organs  to  be  removed  from 
the  body.  It  is  a  somewhat  viscid  fluid,  ami  in  man  and  in  all 
other  vertebrate  animals,  with  the  exception  of  two/  is  red  in 
Colour.      The  exact  shade  of  red  is  variable;   that  taken  from  the 

teries,  fmiu  the  left  side  of  the  heart,  and   from  the  pulnnajaiy 

veins  is  of  a  bright  scarlet  hue;  that  obtained  from  the  aystemifl 
reins,  from  the  right  wide  of  the  heart,  and  from  the  pulmonary 
ia  of  a  much  darker  Oolour.  At  first  sight  the  red  colour 
appears  to  belong  to  the  whole  man  of  blood,  but  on  further 
uninatiou  this  is  found  not  to  be  the  case.  In  reality  blond 
consists  of  an  almost  colourless  fluid,  called  plasma  or  liquor 
sanguinis,  in  which  are  suspended  numerous  blood  corpuscles, 
which  are,  for  the  mofll  part,  coloured,  and  it  is  to  their  presence 

in  the  fluid  that  the  red  colour  of  the  bl I  ia  due. 

Even  when  examined  in  very  thin  layers,  blood  ia  opaque^  on 

Beouni  of  the  different  refractive  powers  pos>.*-ed  by  its  two 

itttent&j  viz.,  the  plasma  and  the  corpuscles,     On  treatment 

with  ether,  water,  and  other  reagents,  however,  it  becomes  trans 
parent  and  assumes  a  lake  colour,  in  consequence  of  the  colouring 
matter  of  the  corpuscles  having  been  discharged  into  the  pi 
The  average  specific  growtiy  of  blood  at  15  C.  (60  K.)  varies 
i\*>\\i  1055  to  1062.  A  rapid  and  useful  method  of  estimating 
the  specific  gravity  of  blood  was  invented  by  Boy.  Dropa  of  blood 
ate  taken  and  allowed  to  fall  into  fluids  of  known  specific  gravity. 


*  The  uttij>JiitPsit*um\  the  tefbtOttpfa 


i.i  not). 


When  tlir  d*0|)  neither  ruefl  DOT  sinks    in  Tin?  rfuul   it  is  taken '.n 

be  <>t  tire  same  specific  _  that  of  the  standard  floM 

on   of  blood   is  faintly   alkaline    and    the*    fl  h.     lb 

ratwv  varies  slightly,  the  average  being 
The  Mood   stream    la   warmed   by    [Wring   through   the  muscle* 
nerve  centres,  and  glands,  bill   if 

the  capillaries  drawn  blood  bit  i 

odours  which  in  many  cases  is  charai  of  the  umuuil  fn*n 

which  it  litis  been  taken.     It  may  be  further  develop 
to  blood  a  mixture  of  equal  parts  of  sulphuric  aeid  and  I 

Quantity  of  the  Blood.— The    quantity   ol 
animal  under  normal  conditions  bears  a  fairl 
the  body- weight.     The  methods  employ 
nni  so  simple  as  might  at  been  tin    _ 

example,  it  would  not  be  possible  t<«  get  any  accurate  infonnsliflD 
on  the  point  from  the  amount  obtained  by  rapidly 
animal  bo  death,  for  then  an  indefinite  quantity  would  rec 
the    vessels;    nor,   on   the  other  hand,    would    if    }*e  post 
obtain  a  correct  estimate  by  less  rapid  bleeding 
would  be  more  prolonged,  time  would  be  alb  t he  [iwp 

LntO  the  blood  of  lymph  from   the  lynipluu  -I  fnxi 

the   tissues.      In    the    former   case,    therefore,    we    should   uuder- 
estimate,  and  in  the  latter  over-estimate,  the  total  amount 
blood. 

Of  the  several  method*  whb  h  have  been  employed  tin*  tin*? 
aeeurate    is   the   following.       A   small   quantity  of    LI. 
From  an  animal  by  venesection  ;  it  is  defibrinatod   and  measured, 
am]  used   to   make   shmduid   solutions   of    blood*       Th<     fl 
then    rapidly    bled    U*    death,    and    the    blood    whirl 

collected.      The  blood-vessels  are  next   washed  out    with  saline 
solution  until  the  washings  are  no  longer  coloured,  and  tt 

added     to    the    previously    withdrawn     blood  ;     lastly     tie 
animal  is  finely  minced  with  saline  solution.      The   fluid 
from  the  niincings  is  carefully  filtered  and  added   to  the  dilated 
blood  previously  obtained,  and  the  whole  is  measured.     T; 
step  in  the  process  is  the  comparison  of  the  oolonr  of  the  diluted 
blood  with  that  nf  standard  solutions  of  blood  and  war 
known  strength,  until  it  is  discovered  to  what   stands 

the  diluted  bl I  corresponds.     As  the  amount  of  blood  in  the 

corresponding  standard  solution  is  known,  as  well  its  tl, 
quantity  of  diluted   blood  obtained  from  the  animal,  it  i> 
calculate  the  absolute  amount  of  blood  which  the  hut- 
and  to  this  is  added  the  small  amount  which  was  withdrawn  to 
make  the  standard   solutions.      This  gives   the   total   amount  oi 
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iood  which  the  animal  contained.      It  is  contrasted   with  thl 

eight  of  the  animal,  previously  known. 

The  result  of  mam  experiments  shown  that  tin*  quantity  of  blood 
varioiiH  animal  the  total  body-weight. 

An  estimate  <>r  tin1  quantity  in  man  whirl*  corresponded  u 

ith  this  proportion  has  ben  more  than  once  made  from  the 

Mowing  data.      A  criminal  was  weighed  before  and  after  decapi- 

the  difference  in  the  freight  represented  this  quantity  of 

rhieh  escaped     TheW i  of  the  bead  and  trunk 

ere  then  washed  out  by  the  injection  &i   water  until  the  fluid 
hieh  escaped  had   only  a  pale  red    <»r  straw  colour.      This  fluid 
ra«  then  also  weighed  ;  and  the  amount  <>f  uUkkI  which  it  repre- 
nted  was  calculated  by  comparing  the  proportion  oi  solid  n 

Attained    in    it    with    that  of   the  first  blood    which   escaped   on 
eciipitatiniL       Two   experiments   of   this    kind    gave    the    same 
Silts.     (Weber  and  Lehmann.) 


Coagulation  of  the  Blood. 

<>im  i»F  the  most  characteristic  properties  which  the  blood 
ifl  that  of  dottint/  or  CQQffvktfi*ff,  This  phenomenon 
be  observed  under  the  most  favourable  condition*  in  blood 
hieh  has  been  drawn  into  an  open  vessel,  In  about  two  or  three 
Dkinutes,  at  the  ordinary  temperature  of  the  air,  the  surfa 
the  fluid  is  seen  to  become  semi-solid  or  jelly Jik^  and  this  change 
takes  plane  in  a  minute  or  two  afterwards  :tt  the  sides  of  the 
in  which  it  is  contained,  and  then  extends  throughout  the 
entire  mass.  The  time  which  is  occupied  in  these  ehan_ 
Sjbotil  sight  or  nine  minutes.  The  solid  mass  is  of  exactly  the 
same  volume  an  the  previously  liquid  blood,  and  adheres  so  oloseJy 
to  the  sides  of  the  containing  vessel  that  Ef  the  latter  be  inverted 
Hone  oi  it >  contents  escape.      The  solid  mass  is  the  crweCMSewltfa*, 

or  dot.  If  the  clot  is  watched  for  a  few  minutes,  drops  of  a 
li-ht  straw-oolonred  Hind,  the  seruu^  may  be  seen  to  make  their 
appearance  on  the  surface,  and,  as  they  become  more  and  inure 
numerous,  to  run  together,  tanning  a  complete  superficial  stratum 
above  the  solid  clot      At   the  same  time  the  fluid  begins  to 

transude  at  the  sides  and  at  the  under  sin  fun  ol'  the  clot,  v  hirh  in 
1 1, r  course  of  an  hour  or  two  floats  in  the  liquid.  The  first  drops 
Oi  MTUm  appear  «m  the  surface  about  eleven  or  twelve  minutes 
after  thfl  Uood  has  been  drawn  ;  and  the  fluid  continues  to 
transude  U>r  from  thirty-six  to  Forty-eight  hour- 

The  clotting  of  blood  is  due  to  the  development  in  it  of  a  sub- 
Stajtee  Called  JtoVfW,    Which   appears    as  a    niohwink    (tig.  328)0! 
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fine  fibrils.  This  nieshwork  entangles  and  encloses  within  itelf 
the  blood  corpuscles.  The  first  clot  formed,  therefore,  include* 
the  whole  of  the  constituents  of  the  blood  in  an  apparently  solid 
mass,  but  soon  the  fibrinous  meshwork  begins  to  contract,  and  the 
serum  which  does  not  belong  to  the  clot  is  squeezed  out.  When 
the  whole  of  the  serum  has  transuded  the  clot  is  found  to  be 
.smaller,  but  firmer  and  harder,  as  it  is  now  made  up  chiefly  of 
fibrin  and  blood  corpuscles.  Thus  coagulation  re-arrauges  the 
constituents  of  the  blood  ;  liquid  blood  is  made  up  of  pla&m* 
and  blood  corpuscles,  and  clotted  blood  of  serum  and  clot 

Fibrin  is  formed  from  the  plasma,  and  may  be  obtained  free 
from  corpuscles  when  blood-plasma  is  allowed  to  clot,  the  corpuscles 


Fig.  32P.  -Reticulum  of  fibrin,  from  a  drop  of   human  blood,   after  treatment  vift 
rosanilin.    The  entangled  corpuscle*  are  not  seen.     (Ranvier.) 

having  previously  been  removed.  It  may  be  also  obtained  from 
blood  by  whipping  it  with  a  bunch  of  twigs  ;  the  fibrin  adheres 
to  the  twigs  and  entangles  but  few  corpuscles.  These  may  be 
removed  by  washing  with  water.  Serum  is  plasma  minus  fibrin. 
The  relation  of  plasma,  serum,  and  clot  can  be  seen  at  a  glance  in 
the  following  scheme  of  the  constituents  of  the  blood  : — 


1  Plasma 


(Serum 
I  Fibrin 


Blood 


-Clot 


Corpuscles 

It   may  be  roughly  stated  that  in  100  parts  by  weight  of  blood 
60-65  !MU"ts  consist  of  plasma  and  35-40  of  corpuscles. 
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The  fofy  ""it  is  seen   when  blood  fmagufatfc  slowly,  se  in 
rae's  blood.     The  red  corpuscles  sink  more  rapidly  than  the 
white,  aud  the  upper  stratum  of  the  clot   iimtty  ml)  consists 
litily  of  fihrtn  find  white  corpus  h-s, 
Coagulation  is  hastened  1*y — 
i     A  temperature  a  little  over  that  of  the  bodj 

2.  Contact  with  foreign  matter 

3.  Injury  to  the  vessel  walla. 

4.  Agitation. 

5.  Addition  of  calcium  salts, 
Coagulation  is  hindered  of  prevented  by — 

1     v  ii.u  temperature.     In  a  wwl  cooled  by  toe,  coagulation 

be  pn  vented  for  an  hour  or  more. 
a.  The  addition  of  1  large  quantity  *»f  neutral  salts  like  sodium 
sulphate  or  magnesium  sulphate. 

3.  Contact  with  the  living  vascular  walls. 

4.  Contact  with  oil 

5.  Addition  of  Oxalates.    These  precipitate  the  calcium  necessary 
for  coagulation  as  insoluble  calcium  oxalate. 

6.  Injection   <>f   commercial   peptone    (winch   consists  chiefly  of 
proteoses)  into  the  circulation  of  the  living  animal. 

Addition  of  leech  extract     This  acts  in  virtue  of  I  proteose 
it  contains. 

The    theory   generally   received    which    accounts   beet    fur   the 

tion  of  the  blood  is  that  of  HammanteB,  and  it  nay  be 

iv  stated  ;j>  Follows^ — 

Whe h  hint « I  M  M  1 1  '  if  u  *  u  t*  of  the  j 

U  if  I  of  the  globulin  rfasn  catted  flbrinot  wi  a  soluble  foTVL 

Wh*n  th>  Mood  ii  mod  the  fUruwoen  molecule  is  up! it  into  two 

.<<■{  i§  ,1  globulin^  which  rr  mains  in  solution       tht  other 
m  the  inxoluhle  material  Jihrin. 

litis  change    i*  brought  afoul    By   the    activity  of  a  mpeefal 

ferment  catted  the  J  Rent  or  tkronMn\ 

This  ft )•/,<<  Ht  doee  not  sjvttf  it*  healthy  Hood  contained  it*  healthy 

hfiMnf  trAAfhi  ftut  is  ton    of  the  Jtroilttcts   of  the  tlixintttfvation   of  the 

white  corpuetlee  and  blood  tablcte  thai  oocure  when  the  blood  to 

the  vegnel*  or  come*  ittt*>  contact  with  foreign  matter. 

To  this  it  may  he  added,  as  the  result  of  recent  research,  that 

soluble    calcium    salt    is    essential    for    the    formation    of    the 

ferment  ;    that  the  fibrin-ferment    brfOQgpl   tO   the  fllm   ol   nucko 

proteids;    that  other   nuclco-protcids    (Wooldrjdge'fl  tissue -Hhriim- 

is)    obtained    from    most    of   the   cellular    t*r,i  the   body 

Inrr  intravascular  clotting  when  injected    into  the  circulation 

Living  animal. 
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Tij^r  «:;r~tai:c*  which  is  converted  into  fibrin-ferment  or  thrombin 
•■y   :he   actios,  of  a  calcnun  salt  iriay   be    oouvenieutly  termed 

Thv  pr>.-^»  of  tibrin  fonnatiou  may  therefore  be  represented  iii 
•.h»_-  :•••!!■  iwiu^  tabular  way: — 

I:.  *:.r  ;  La.-a-'k  a  \»toik:A  »ub»fait«.,e  From  the  colourless  eorj»u*cl«  i 

-  x.-*-.   ■&;">-•! —  nucle»-|»rntei<l  i-«*  shed  out.  calUil— 

KlBfe:>f-,E\  Prothrombin. 

By  the  action  of  calcium  su> 
prothrombin  i*  converts!  inm 
tihrin-fennciit.  or 

Thrombin. 


lht>>:iiblr:  .v*»  •«!!  titirfiiugvn  in  *nch  a  war  that   two  n«»w  *iriV?anc**  are 

formed. 


«"in»r  «»f  rhi^.-  >  unini|N>rtaiit.  viz.  The     other     is      im|»orrant.    viz. 

a '/lohiiliii  whi«>h  ii-iiiaiiio  in  Miluiimi.         FIBRIN",   which  entangle*  the  ere- 
It-  au.'junt  i-  very  -mall,  pufccle*  and  so  forms  the  ('LOT. 

The  Plasma   and    Serum. 

The  liquid  in  which  the  corpuscles  float  may  l>e  obtained  by 
employing  one  or  other  of  the  methods  already  described  for 
preventing  the  blood  from  coagulating.  The  corpuscles,  being 
heavy,  sink,  and  the  supernatant  plasma  %an  then  be  removed  by 
a  pi|>etteor  siphon,  or  more  thoroughly  by  the  use  of  a  centrifugal 
machine  (see  tig.  329). 

On  counteracting  the  influence  which  hag  prevented  the  bloud 
from  coagulating  the  plasma  then  itself  coagulates.  Thus  plasua 
obtained  by  the  use  of  cold  clots  on  warming  gently ;  plasm* 
which  has  been  decalcified  by  the  action  of  a  soluble  oxalate  clots 
on  the  addition  of  a  calcium  salt;  plasma  obtained  by  the  use  of 
a  strong  solution  of  salt  coagulates  when  this  is  diluted  by  the 
addition  of  water,  the  addition  of  fibrin-ferment  being  necessary 
in  most  cases  ;  where  coagulation  occurs  without  the  addition 
of  fibrin-ferment  no  doubt  some  is  present  from  the  partial 
disintegration  of  the  corpuscles  which  has  already  occurred. 
Pericardial  and  hydrocele  fluids  resemble  pure  plasma  very  closely 
in  composition.  As  a  rule,  however,  they  contain  few  or  no  white 
corpuscles,  and  do  not  clot  spontaneously,  but  after  the  addition 
of  tihrin-fermeiit,  or  liquids  like  serum  that  contain  fibrin-ferment, 
they  always  yield  tibrin. 

Pure  plasma  may  be  obtained   from  horse's  veins  by  what  is 


-l.i:r\l. 

n  ai  the  'firing  tcst-tnh<-    axpericoeiit     If  the  jugular  vein 
ligatured  in  two  pfaft  u>  include  i  «|hmii t it y  of  Mood 

i  in  it,  then  removed  from  the  animal  ami  bong  ill  fl  OOOl  place, 


j*a— rian  and  section  of  cmtrifug&l  maehimv     t,  i*n  Kltm  MMfevt  wwum!  to  top  of 
tabic  B;  C,  »  ateel  ■pJlHw  currying  the  turntable   o  iin  I  tunnmf   freely  in  a;  t,  t 


<Uri>rv  round  turntable  t* ;  r  rt  ahalluw  aiuowa  on  face  of  u  in  which  the  test  tube*  are 
Bin  by  clanim  «  a  ;  H,  .»  pulley  fixed  to  end  of  *pindle  C  and  turned  by  the  cord  k  : 

ft  are  two  guide  pulley*  for  card  k.    The  apper  j«i1  of  the  thnire  i-  .i  -urface  view  of 
M  rotating  turntable.    (Ganigee.) 

lood   will   nut  clot  for  many  limns.      The  oorpOSCfaf  Mttle, 
d  the  supernatant  plasma  can  '"    W m-»v>'l  with  a  pip  ! 
The  plasma  is  alkaline,  yellowish  in  tint,  and  its  tptteifio  gravity 
about   1 026  to  1029,       1000  parts  of  plasnisi  contain  : — 


r       . 
Solids  . 

ProteiU- :  r.  3  ield  ol  1, 
2.  other  p 

ictives  (including  far ) 
ttiorvanic  anlta 


902-90 

97-10 
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Id  round  numbers,  plasm*  contain*   10   per  e»  ida^of 

which  &  are  proteid  in  nature. 

Serum  rrtutains  the  same  three  classes  of  constituent*— j*^ 
tetda,  extractives,  and  salts.  The  extractives  and  salts  are  the 
same  in  both  liquids*  The  proteid  s  are  different,  as  is  shown  \m 
the  lotto ving  table  : — 


PSbffMfl 

ulin. 
Seram  albumin. 


Prat  rid**-' 

*bulin. 
m  albumin. 


I 


The  gases  of  plasma  and  serum  are  small  quantities  of  oxygen, 
nitrogen,  and  I       -renter  part  of 

the  Uood  ined  in   th  rpuscles    with   haemoglobin; 

oombined  aa  carbonates.     1 
of  the  blood  have  already  been  considered  under  Respiration  i* 
p.  366). 

W '.•  EDaj  now  study  one  by  one  tin  n  constituent 

pi  asm*  and  serum. 

A>  Proteids. — Fibrinogen*     This  is  the  -ul  stance  acted  on  1 
fibrin-ferment,      ft  yields,  under  this  action,  an  inaolublfl 
A  fibrin  and  a  soluble  proteid  of  the  globulin  class. 

Fibrinogen  is  a  globulin.      It  differs  from  mi  rum   globulin, ami 
may  he  I   from  it,  by  making  use  of   tin    fad   that  half- 

tration  with  sodium  chloride  pr 
heat  Jit  the  low  temperature  of  5  6°  0. 

um  globulin  ami  tervm  albumin, — Tl 
•  be  m  ill  differences  already  described  between  albumins  and  . 
Una  (p.  385).      Both  are  coagulated  by  heat  at  a  little  <<, 
They  may  be  separated  by  dialysis  or  the   use  of  neutral  sdta, 
Tin  way   to  separate  them  is    to    add    to    the 

equal  volume  of  saturated  solution  of  ammonium  sulphate. 
is  equivalent  to  semi-sat u ration,  and  it   precipitates  the  gkfc 
If  magnesium  sulphate  is  used  as  a  precipitant  of  the 
it  tiiuM  be  added  in  the  form  of  crystals,   and  the  mixture  vd 
shaken  t«>  ensure  complete  saturation. 

Serum  globulin   was  formerly  called  Jibrinoplastin,  because  it 
was  believed  to  take  some  share  in  fibrin   formation.      It  is  oho 
railed    paragtobulin*      h     may    he    imperfectly     precipitated   by 
diluting  serum  with  twenty  times  its  volume  of  water  and  I 
adding  a  trace  of  acetic  arid,  or  passing  a  stream  of  carl 
lirongh  the  diluted  serum. 

Fibn  '.    -Schmidts  method  <>f  preparing  it  is  t- 

serum  and    add    excess  of    alcohol.     This    precipitates   all 
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prxrtoids,  fibrin-fermenl  included  After  some  weeks  the  alcohol 
is  poured  off;  the  serum  globulin  and  serum  albumin  have  beets 
by  this  meatia  rendered  insoluble  iu  water  ;  ato  aqueous  extract  is, 
bowi  ver,  found  to  contain  fibrin-ferment,  which  is  not  ho  easily 
ooaguhited  by  alcohol  as  tin'  other  proteids  ue. 

I:  Extractives. — These  are  mm-tiitroge&QUi  and  nitrogenous. 
The  Don  -nitrogenous  are  tats,  soaps,  oholesterin,  and  sugar;  the 
nitrogenous  •  (002  to  0*04  per  cent.)  and  still  smaller 

quantiti  creatinine,  xanthine,  and  bypo- 

Xanthine. 

I      Salts. — The  most  abundant  Ball  is  sodium  chloride ;  it  con 
between  60  and  go  per  cent  of  the  iota]  mineral  matl 
Potassium  chloride  is  present  in  much  smaller  amount,     It  consti- 
tutes about   4  per  cent,  of  the  total  ash.     Tin-  other  salts  are 
phosphates  and  sulphal 

s<  inui  h«'  I'ul lowing  table: — 


lOOO  parte  Of  |>l;tMn;i  yield— 

Chlorine 

wium  . 

HodltltD  - 

urn  phosph 
esium  phoffjihale 


S'550 
3640 
0*115 
0*191 
0523 

0*311 
0*222 


The  Blood  Corpuscles. 

Tin  wo  principal  Forms  of  corpuscles,  the  red  and  the 

they  are  no*    frequently   named,  the  cotowml  and 

i*.    In  tli>  itate  the  red  oorpn&clee  rarm  about 

40  percent,  by  weight   uf  the  whole  miss  of  the  blood,      The 

proportion  uf  colourless  corpuscles  is  only  as  i  to  500  or  600  of 

Ghe  rolnured. 

Hed  or  Coloured  Corpuscles. — Human  red  Mood  corpc 
are  circular  biconcave  discs  with  rounded  ed^es,  ,  '„,,  inch  in 
diameter  (7/*  to  Sp)  and  [-^thnr  inch,  or  about  2ft,  fas  thickness. 
When  viewed  singly  they  appear  of  a  pale  yellowish  tinge  ;  the 
[j  red  colour  which  they  give  to  the  blood  i-  observable  in 
them  only  when  they  are  seen  m  raauc.  They  ate  oomposed 
of  a  colourless,  structureless,  and  transparent  filmy  foamework, 
or  itromOy  infiltrated  in  all  parts  I >y  a  red  colouring  mutter 
termed  h'i'nt*><tf<>f*in.  The  $toroma  is  elastic,  so  that  as  the  cor- 
puscles  circulate  they  admit  of  changes  of  form,  iu  adaptation 
to  the   vessels,  and   recover  their  natural   shape  as  soon  as  they 
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[ca.  nvi, 


**•<:*  pe  from  compression.  The  colouring  matter  uniformly  per- 
vades the  stroma.  The  consistency  of  the  peripheral  put  of  the 
-trorn*  U  greater  than  that  of  tbe  more  central  portions:  thia 
plays  the  pritt  of  a  membrane  in  the  processes  of  osmosis  that 
occur  when  Mater  or  salt  solution  are  added  to  the  corpuiclei 

The  r*A  i_>rpuscles  have  no  nuclei  :  the  unequal  refraction  of 
transmitted  lii/h:  irives  the  appearance  of  a  central  spot,  darker 
or  bri-jhtv r  than  the  border,  according  as  it  la  viewwi 
of  focu>..     Their  specilic  gravity  is  about  10SS. 

The  coq»u*cle*  t«f    all  mammals,  with    the  cxtvpno 


.• 


The  whitf  «ffriJii>i  4k*  nt^  uncuJoured. 


Fig.  3.tr.— Corptimdi 
oeotmJ  hum*   c 


colour  le»  form. 


camel  tribe,  sua  circular  and  bicoucave.  They  arc  generally  * 
nearly  the  size  of  human  red  corpuscles.  They  are  smallest 
the  deer  tribe  and  largest  in  the  elephant.  In  the  camelkk 
they  are  biconvex,  hi  all  mammals  the  corpuscles  are  raw- 
nucleated,  and  in  all  other  vertebrates  (birds,  reptiles,  amphibii, 
and  fishes)  1  he  corpuscles  arc  oval,  biconvex,  and  nucleated  {lie 
332)  and  larger  than  in  mammals.  They  are  largest  of  all  to 
certain  amphibians  (amphimitat  pruteu*). 

The  red  corpuscles  are  not  all  alike,  for  hi  almost  every  aped- 
incn  of  blood  may  be  also  observed  a  certain  number  of  corpuscles 
smaller  than  the  rest.  They  are  termed  nticrocyfas,  or  kttmafc 
Matte,  and  are  probably  immature  corpuscles. 

A  property  of  the  red  corpuscles,  which  is  exaggerated  in 
inflammatory  blood,    is  a  tendency  to  adhere  together  in  mils 
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or  columns   (roolefttut),  like  piles  of  coins.     Those  rulls  quickly 
fatten   together   I*}'  their  esdi,  nod  duster;  so  that,  when   the 
blood   is   spread  out   thinly  on  a  glass,  they  form  an   irregular 
;jo). 


MAMMA    L  S. 


• 


A   M    P  H    \    B 


«**>- 


FISH 


Fig.  ■n-ive  illustration  if  1 

.<-ty,  and  extol 

main  dlTiiknti  «f  the  Vertebrata 

the  arerajre  diameter.    In  the  ci 

E'ren.    It  i'm  remarkable,  that  al 
the  6 
comparatively  uniform,  und  thii! 
than  the  red  corpuscles. 


rncTB  Si  SiH 

^  %         m         m 


omewhat  altered  from  a  drawing  by  Oullivvr.  in  the 
its  the  typical  1  hi  mils  ■  of  the  red  bIood-eel]n  in  r li- 
The  tii-  'umi*  are  thorn  of  an  inrb,  and  represent 
M  r*f  i\u-  ovnl  eel Is,  only  the  long  diameter  ia  here 
hough  the  nze  of  the  red  blood-eell*  varies  mi  much 
Btnuo  kimrduni.  th;it of  the  white  eorpuacles  remain* 
they  s>ret  in  ■  mm  unimaut,  larger,  in  others  smaller* 


Action    of    Be-affente.-<  Htis nbraUIr    light    has  been    tlimwn   on    the 

phytic*]  and  chemical  constitution  of  red  blood-oella  by  studying  the  effect* 

[need  by  mechanical  meana  and  bj  TBiicma  re-agenta;  the  following  is  a 

u in  ma rv  at  I  h>- 

Water.  —  When    iratei    1-    added   gradoellj    bo    taftfi   blood,  the  oval 

disc-shaped    OOTpaaolM    become    spherical,  and    gradually   discharge    ii 

D    D    2 
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hemoglobin,  a  pale,  transparent  stroma  t 
cells  swell,  change  fr-tni  a  diaooidal  to  a  ay 
their  pigment,   becoming 
invisible. 

PhyfiiJiHjit-al  taiiiu  a  use* 

ompiMBtol  lieyond  preventing'  them  ru 
If  a  stronger  salt  ant  at  ton  is  used,  the?  c 
become  crenattii  (ti^,  $1$). 

Dilute  arctif  add  cause*  the  n 
in  the  frog  to  become  i  vifcm  is 

prolonged,  the  nucleus  becomes  B1 
ilomfng  matter  seem- 

le  cell  bet 
the  cells  lose  I 

similar 

?er,  from  the  a 

finally  to  disappear. 

ro/orm  added  to  the  red  <  jaws* 

t  with  their  hemoglobin  ;  tbo 
becomes  gradually  broken  up.    A  similar  * 

on  the  human  red  hi- 

Tannic  add, — When  a  z  \mr  rent,  fresh  solution  of  applied 

to  frops  blood  it  etna  I 
little   knob,   pm 

-  335)*  A  sotnewlii 
produced  on  the  human  red  blood-coi 
ing  matter  being  discharged 

knob  i  if  hami/itin  on  th< 

]t(u  A      2      |»T 

tted    red   blood -cells   i 
colouring  matter  in  tto  ndo*llv 

quits  its  central  position,  i 
/~\r\  entirely,  protruded  from  I 

to  distinguish   the   o 

■ 

non-nocleated  mammalian- 
asm  I  i  other  dilute  ados, 

Heat.     I  in     Hec(  of  heal  up  bo  50*— 6oD  C.  (xaof—  1 
formation  i»f  a  number  «>f  bud-like  process  ;7). 

Electricity  causes  the  ret!   bloodn  >com* 

crenated,  and  at   length   mulberry-1 
cover  their  1 id  form  and  become  quite  n 


1^ 


tannin. 


Fig.  336-Effi^t 
of  bone  add. 


vf* 


Fi^337-Kffectof 

li.  it. 


I 


The  Colourless  Corpuscles. — In  human 
the    white    or    colourless  corpuscles    or 
{when  fit  rest)  are  nearly  spherical  masses  of  j 
lar   protoplasm,      hi  all  cast's  one  or  more  nuclei  n  each 

corpuscle.     The    nize   of  the  corpuscles  varies   considerably,  but 
averages  ^wo"  OI"  an  mc^1  (IO/*)  ln  diameter. 

In  health,   the  proportion  of  white   to    red  corpuscles,  which. 
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king  an  average,  is  about  1  to  500  or  600,  varies  considerably 

en  in  the  course  of  the  same  day,     The  variations  appear  Co 

Lepcml  chiefly  on  the  amount  and  probably  also  on   the  kind  of 

food  taken  ;  the  ntimber  of  1«  1  is  generally  increased  by  a 

eal,  and  diminished  by  bating.      Also  in  young  persons,  during 

gnaney,  and  after  great  loss  of  blood,  there    is   a   Uu 
rtion  of  colourless  blood-corpuscles.      In  old  age,  OKI   the  Other 
id,  1  heir  proportion  is  diminished. 

—The  colourless  corpuscles  present  greater  diversities 
form  than  the  red  ones.      Two  chief  varieties 

to    be   Been  in  human   bl 1;   one  of  whiah 

kfl  a  considerable   number  of  coarse  gran- 

est  and  the  other,    which    is    paler  and   less 

nular,  contains  several  nuclei  united   by  fine 

s  <>f  chromatin. 
The  granules  of  these  cells  have  an  affinity 
for  a  e  i  d  aniline  dj  es  like  eos  i  n .  T  h  ey  are  1 1 1  ere 
[an  ipokflD  of  as  OOBgpkih  or  funuitythii*.  The 
rge  granules  of  the  coarsely  granular  cells  arc? 
ueh  more  deeply  Stained  l>\  BOeSn  than  the 
ules  of  the  finely  granular  cells.  The  latter 
veils  are  by  tar  the  must  numerous  ;  the  ooawely 
granular  eel  Is  only  comprise  about  5  per  cent. 
Of  the  total  number  of  leucocytes.  In  >\zv  the 
variations  are  great,  for  in  most  specimens  of 
blood  it  is  possible  to  make  out,  in  addition  to 
the  full -sized  varieties,  a  number  of  smaller  Otiff 
piracies,  .nesting  of  a  large  spherical  nucleus 
surrounded  by  a  variable  amount  of  more  or 
h-ss  granular  protoplasm.  These  Hrnall  OOfpUft- 
cles   are    the    undeveloped    forms    of   the  others,  and   are   it* 

in  the  cells  of  the  lymphatic  glands  ;  they  arc  called  tym&ko- 
».  A  fourth  variety  of  leucocyte  is  the  kyoU&e  corpuscle,  in 
the  protoplasm  of  which  there  are  no  granules.  They  have  a  iingle 
nucleus.  Very  rarely  btuophtle  cells  (ij.,  cells  whose  granules 
have  an  affinity  for  basic  aniline  dyes  like  methylene  blue)  are 
found.      The  nucleus  of  all  these  varieties  of  cells  is  basopbile. 

AmCBboid  Movement* — The  remarkable  property  of  the 
colourless  corpuscles  of  spontaneously  changing  their  shape  was 
first  demonstrated  by  Wharton  Jones  in  the  blood  of  the  skate. 
If  a  drop  of  blood   is  examined  with   a  high  power  of  the  micro- 

scope,  uudei  oonditioofl  by  which  loss  of  moisture  11  preventedj 

and  at  the  same  time    the   temperature  is  maintained    by  a  warm 

stage  at  about  that  of  the  body,  37^  C  (98*5°  K),  the  ootouriese 


Fig*  ij*.— A.  Thrw 
coloured     bloud- 

i-OrlM!S*l»'«.  It. 

Thm*  culourleiw 
blOOd  -  rorptwli** 
at'ted  on  byooOtk 
dtid  j    tlic    nuclei 

|TC  \>t\  ill  ,<(];. 
\  i^it-l-- .       II 
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corpuscles  will  be  observed  slowly   r«>   alter  their  shape*. 
send  out-  processes  at  various  parte  of    tlitir  circumference  Tb* 
tlPflpboid  m«»\«'iiiriit,  which  can  be  demonstrated  in  human  ookmr* 
leas  blood -corpuscles,  can  be  ;idily  seen  in  newt's  blood 

The  full  consideration  bold  movement  i-  p,  13. 

An  interesting  variety  of  amuboid  in  rhat  which  leads 

to  the  ingestion  of  foreign  particles.     This  gives  to  ti 
their  power  of  taking  in  and  dig< 


Health?  bacillus 


Hmltfcjr  bwdlluii- 


JlydJgwrted 


I'.n  dally  digested  Umam 

Nuclei  vacuolated 


Foreign  mut  - 


fjuttxgim  ' 


Fig.  j  jo.— Macrophage*  containing  bacilli  and  other  structure*  supposed  to  be  xadm- 
going  digestion.    (Ruffer.) 


multi-nucleated,  finely  granular  corpuscles  are  tin 
phagocytes.    The  accompanying  figure  Illustrates  he  cell* 

represented,  howeYer,  are  m>x  Leucocytes,  but  the  targe  amceboid 
cells  found   in   connective   I  especially  in    inflamed  parts. 

■bo  p.  269.) 

The  process  of  emigration  of  the  leucocytes    is  de* 
p.  268. 

A ctitm   of  Seafjen  ts  on   tit t    n  tit  i  urlc&A  Ci  rau&ei 

the    corpuscles  to  swell  and    their    nuclei    t< 
Acetic  acid  (1  per  cent.)  has  a  similar  action  ;  it  also  causes  the 
granules    to    aggregate    round    the    nucleus   (fig. 
a  / fat  to  produce  swelling  and  bursting  of  the  cor] 


en,  xjtvr ,] 
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The  Blood  Platelets. 
tee  the  two  principal  \  I  of  Uood  corpuscles,  a  thin! 

has  been  described  nudet  the  hum  blood^pl&telete  [Hint- 
Theee  are  oolonricao  disc-shaped  or.  iiregolas  liodies, 
auch  smaller  than  led  corpus-  le^.     (litteiviit  views  ?u*e  held  as  to 
tab*  origin.     At  Brat  they  were  regarded  ae  in unito.  red  cor- 
puscles; but  this  viev  Ittdftd.      They  may  be  disintegrative 
products  of  white  00 rpu.se |.  s  ;   some  state  th.it  they  are  merely  a 

pgBcipHatc  of  Dudeo-proteSd  which  ocean  when  the  plaama  diet 
*r  is  cooled.  There  is,  Imwever,  no  doubt  that  they  do  occur  in 
iving  blood, 

Enumeration  of  the  Blood- Corpuscles. 

Several  Methods'  ue  •  for  counting  the  blood-  a  ;  most  of 

icm  depend  upon  the  same  principle,  *.r,,  the  dilution  of  a  minute  volume 
i  with  n  given  volume  of  u  colourless  saline  solution  similar  in 
»v  to   blood  plasma.  so   that  the  size  and  shape  of  the  cor- 
es is  altered  as  tittle    gj    possible,      A  minute   quantity  of   the  well- 
tfofl    is    then    taken,   examined  under  the   microscope,  either 
a    flattened    capillary    tube    (Malassex)    or    in    a    cell    (Hayem    A: 
achet,  Gowers)  of  known  capacity,  ami  the  number  of  corpuscle*  in  B 
leasured  length   of   the  tube,  or  in  a  given  area  of  the  cell.  El  counted. 
ngth  of  the  tube  and  the  area  of  the  cell  are  ascertained  by  means  of 
a  micrometer  scale  in  the  microscope  odd  of  Qowoi1 

modification,  by  the  division  of  the  cell  area  into  squares  of  known  size. 
Having  ascertained  the  number  of  corpuscles  in  the  diluted  blood,  it  is 
easy  to  find  out  the  number  in  a  given  volume  of  normal  blood. 

Cowers*  HmmartfUmcter  consists  of  a  small  pipette  (a),  which,  when 
filled  up  to  a  mark  on  its  stem,  holds  995  cubic  millimetic*.  It  is 
furnished  with  an  India-robber  tube  anil  glass  mouth-piece  to  facilitate 
filling  and  emptying;  a  capillary  tube  (b)  marked  to  hold  5  cubic 
millimetres,  and  also  furnished  with  an  india-rubber  tube  and  mouth- 
piece; a  small  glass  jar  (D)  in  which  the  dilution  of  the  blood  is  performed  ; 
a  glass  stirrer  (k)  for  mixing  the  blood  and  salt  solution  thoroughly  J  (F)  a 
the  length  of  which  can  be  regulated  by  ■  screw  j  a  brass  stage 
plate  (c)  carrying  a  glass  slide,  on  wtkiefa  I4  I  tseU  one -filth  of  1  mill 
deep,  and  the  bottom  of  which  Ll  divided  into  QIW tenth  millimetre  squares. 
On  the  top  of  the  cell  the  cover-glass  rests,  A  standard  saline  solution 
■f  Helium  sulphate,  or  similar  salt,  of  specific  gTavity  1025.  hi  made,  ami 
>5  cubic  milling  measured  by  means  of  the  pipette  into  the  glass 

r,  and  with  this  Ave  cubic  mltttBetvee  of  blood,  obtained  by  prii 
the  finger  1  r  IBied  in  the  capillary  pipette  (»),  arc 

thoroughly  mixed  by  the  glass  stirring- rod,  A  drop  of  this  dilated  blood  is 
tin  [i  placed  in  the  cell  and  covered  with  a  cover«glaas.  which  is  fixed  in 
position  by  means  of  the  two  lateral  springs.  The  layer  of  diluted  blood 
between  the  slide  and  cover-glass  is  \  millimetre  thick.*  The  preparation  is 
then  examined  under  a  microscope  with  a  power  of  about  400  diameters, 
and  focussed  until  the  lines  dividing  the  eell  into  squares  are  visible. 

1  a  short  delay,  the  red  corpuscles  which  have  sunk  to  the  bottom  of 
I,  and  are  resting  on  the  squares,  are  counted  in  ten  squares,  and  the 
number  of  white  eorpu-  I     By  adding  together  the  numbers  counted 


1 
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m  but  (pm  -tenth  millimetre)  Kjxtan 
multiplying  by  ten  thousand,  the  number  of  a 

<>{  blood   is  obtained,     Th 
millimetre  of  healthy  blood,  according  It  and  u  5,000,000 

in  adult  men,  and  4,500,000  in  worn-  an  avmgtof 

50  and  45  corpuscles  re>[>s<  -trument. 

A  hieniacytometer  of  another  form,  and   one   that   Ki  ranch  used 
present  time,  is  known  as  the  Th  icytorueter.     I 

carefully  graduated  pipette,  In  which  the  dilution]  of  the  blood  is  6 
is  so  formed  that  the  capillary  stem  has  a  capacity  equal  mhedii 

of  the  bid b  above  it.    If  th  -drawn  u;  *  pillarj  tnhe  to  Ik 


1 


Fig,  340.— H  •  ••"Wen.) 


line   marked  I  (fig.  342}  the  saline  solution   may  afterw  kwn  up 

the  stem  to  the  Jine  101  :  in  this  way  we  have  101  parte,  of  u  1 

forms  f.     As  the  <  on  tents  of  the  stem  can  be  displaced  unmixed  we  dull 

have  111  the  mixture  the  proper  dilution.     The  blo<xl  and  the  - 

ani  well  mixed  by  shaking  the  pipette,  in  the  bulb  of  which  Ea  r^Maincd  * 

■mall  glass  brad  fur  the  purpose  of  aiding  the  muring.     The 

the  instrument  consists  of  a  ^la,ss  slide  (fig,  341  )  upon   whh 

red  disc,   «/,  accurately  ruled  ho  as  to  present 
divided  into  400  squares  of  one-twentieth  of  a  millimetre  each.     1  h 
meler  thus  made  is  surrounded  by  another  annular  cell,  c,  which  has  fuch  1 
height  as  to  make  the  eell  project  exactly  one-tenth  millimetre  beyond  ■. 

If  a  drop  of  the  diluted   bl 1  i*  placed  upon  -m,  at  <vered  with  1 

tly  Hat  eoverglass,  the  volume  of  the  diluted  blood  above  each  of  tb* 
squares  of  the  mi-  1  an'  t-  1,  /.r„  above  each  fa  will  be  ^^  of  a  cubic  milli- 
tin  tie.  An  average  of  ten  or  more  squares  are  then  taken,  aod  this  number 
multiplied  by  4000  *  100  gives  the  number  of  corpuscles  in  a  cubic  milli* 
metre  of  undiluted  blood* 
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leogge  OUTCr*!   li  neter  is  ft  maofa  ensier  instrument  to  use, 

ult*  obtained  are  accurate  ;  it  does  not  enable  one.  however*  to 
proportion  of  fed  and  white  corpuscles.    A  small  measured 


F%,  J41* 


l.c    lr 


JSL- 


1 


Fig.  na. 


<  mam  it  v  of  blood  i*  taken  up  Into  a  pipette  :nid  washed  out  into  a  graduated 
Battened    t- -t-tube   with    Hayein's    Hair]    (sodium    chloride    0*5   gramme, 

»i»  ralphate  0*25  gi\,  sublimate  025 

lied  water 100  e.e.).  The  graduations  of  the  tube 
are  BO  adjusted  that  with  normal  blood  {i.t -..  blood  0OB- 
tainincf  5,000,000  ted  OOJpQSCleS  per  cubic  millimetre) 
the  1  mull  wax  caudle  placed  three  yards  from 

the  eye  in  a  dark  roOflL  IB  jnsl  visiM.  m  n  thin  blight 
line  when  Looked  at  through  the  tube  held  edgeways 
between  the  lingers,  and  filled  up  to  the  too  mark  with 
HayenVs  fluid.  If  the  number  of  corpuscle  i>  lev  than 
normal,  Ie*s  of  the  diluting  solution  is  required  1m  1 
the  light  is  transmitted  ;  if  more  than  normal,  move 

ie  solution  is  aeoeejerjr.  The  graduation-  of  the 
lube  coneepond  to  i-  daid 

which  is  taken  us  100. 


Development  of  the   Blood- Corpuscles. 

The  first  formed  blood  -  corpuscles  of  the 
human  embryo  differ  much  in  their  general 
oharaotero  from  those  which  belong  to  the  later 
periods  of  intra -uterine,  and  to  all  periods  of 
extra  uterine   life,     Their   manner  of  origin  is 

Bret  very  simple. 

Surrounding  the  early  embryo  is  a  circular 
Q*Jldd  the  vascular  ami,  in  which  the  first 
rudiments  of  the  blood- vessels  and  blood-cor- 
puscles are  developed,  Here  the  nucleated  em 
brvonic  cells  of  the  meeoblaet,  front  which  the 
blood-vessels  and  corpuscles  are  to  be  formed, 
send  out  processes  in  TSlioUfl  directions,  and 
these,  joining  together,  form  on  irregular  mesh- 
WOrk*  The  nuclei  increase  in  number,  and  collect  chiefly  in 
the  larger  masses  of  protoplasm,  but  partly  also  in  the  processes. 
These  nuclei  gather  around  them  a  certain  amount  of  the  proto- 
plasm, and,  becoming  coloured,  form  the  red  blood  corpuscles* 
The  protoplasm  of  the  cells  and  their  branched  network  in  which 
lee  be  then  become  hollo  wed  out  into  a  system  of 
canals   enclosing    fluid,    in   which   the    red    nucleated    corpuscles 


Figs.  341  and  44 2,— 

Thoma-ZeiBM 
Httrua^vtonieter. 


float.     The  corpuscles  at  first  are   h  Rtt   g-Am  to  ttVW 

an  inch  { i  op,  to  i  6/a)  in   diameter, 
granular  contents,    and  a  well  marked     nucleus       Tie  ir  oud«, 
which  are  about  jj^  of  an   inch  (5^1)    in    diameter,  are  cental 
and  circular, 

The  oorpoeotea  then  strongly  resemble  - 
of  the  foil y  developed  blood,  bu1  aired.     1  -ipalic 

of  amoeboid  nw 

When,  m  the  progresfi   of  embryonic   devi  t,  the  itiw 

begins  to  be  formed,  the  multiplication  of  U 

of  blood  ceases,  and   new  blood-cells  are   produced  by  the 


Pig.  34V — Put  of  the  iwtwork  of  developing  bloorl-vrtwolf*  in    the   VMeqJar  it*  d  i 
jrumeu  piir.    hi,  blood -rorpiittlen  becoming  free  in  an  enl<> 
of  the  network ;  «f  pror«*«  of  protoplasm 

or^in,  and  also  by  the  lymphatic  glands,  thymus  and  splara 
These  are  at  first  colourless  and  nucleated,  but  afterwards  acqmte 
the  ordinary  blood-tinge,  anil  rewuiMe  very  much  those  of  tk 
first  set.  They  also  multiply  by  division.  In  whichever  wit 
produced,  however,  whether  from  the  original  formative  ceUaaf 
the  embryo,  or  by  the  liver  sod  the  other  organs  m< 
above,  these  coloured  nucleated  cells  begin  very  early  in  foul  lift 
to  be  mingled  with  coloured  ncm-nuoleated  corpuscles  resembling 
those  of  the  ad  nit,  and  at  about  the  fourth  or  fifth  d  tooth  of 
embryonic  are  completely  replaced  by  tl. 

Origin  of  the  Matured  Coloured  Corpuscles,— The  no* 
nucleated  red  corpuscles  may  possibly  be  dei  u  the  nudf 

ated,  hut  in  all  probability  are  :m  entirely  new  formation.     Tbo> 
chief  origin  is  : — 

From  the  medulla  of  hone. — It  has  been  shown  thai  colouifll 
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corpuscles  are  to  a  very  large  extent  derived  during  adult  life 
from  the  Urge  pale  cells  in  the  red  marrow  of  bones,  especially  of 
the  rita.  These  cells  become  coloured  from  the  formation  of 
haemoglobin  chiefly  in  one  part  of  their  protoplasm.  This  coloured 
part  becomes  separated  from  the  rest  of  the  cell  and  forms  a  rod 
corpuscle,  1  icing  at  first  cup-shaped,  bat  soon  taking  on  the  nonnal 
appearance  of  the  mature  corpuscle.  Mingled  with  the  amceboid 
colourless  tnarrow  cells  (p.  59)  are  a  number  of  other  smaller 
amoeboid  cells  called  erythrobkuU  (fig,  346) ;  these  are  tinted  with 
haemoglobin  ;  they  divide  and  multiply,  lose  their  nucleus,  and 
thus  transformed  into  discoid  blood  corpus*- k-s. 
Fro/  tht  spleen. — It  is  probable  thnt  coloured  as 


*: 


-  DerelopTncnt  of  ivd  corpuscles  in  rotinectJ  re  twae  cells ,    From  the  «u  boutaneous 

ti»uo  of  a  new-born  rat,    h%  a  cell  containing  hiMnofrlobin  in  a  diffused  form  in  the 

A ',  »ne  containing  rolnuml  vlobuk-*  of  vttryinK  aixeand  vacuole*;  A",  a 

cell  tilled  with  roUuiirri  globules  of  nearly  uniform  tfi»e;  /,/,  developing  fat  cells. 

<E,  A.Sch.-t 


well  as  colourless  corpuscles  may  be  produced  in  the  spleen  from 
cells  similar  to  the  crythroblasts  of  red  marrow. 

The  belief  which    formerly  prevailed    that   the   red    enrpu-  lea 
are  derived  from  the  white  or  from  the  platelets  has   now   1 
scarded. 

During  fcetal  life  and  jn»ssibly  in  some  animals,  *.£,  the  rat, 
which  are  bom  in  an  immature  condition,  for  some  little  time 
after  birth,  the  blood  discs  have  been  stated  by  Sohifer  to  arise  in 
the  connective  tissue  cells  in  the  following  why.  Small  globules, 
of  varying  size,  of  colouring  matter  arise  in  the  protoplasm  of 
the  cells  (fig.  344),  and  the  cells  themselves  become  branched, 
their  branches  joining  the  branches  of  similar  cells.  The  cells 
r  become  vacuolated,  and  tie-  red  globules  are  free  in  a  cavity 
filled  with  fluid  (fig.  345):  by  the  extension  of  the  cavity  of  the 
cells    into    their    process*  EDOeing    vessels    are    prodm  <], 

which  ultimately  join    with    the  previously  exist)  K    and 

the  globules,  n»»w  having  the  size  ami  appearance  of  the  ordinary 
red  corpuscles,  are  |>asHed  into  the  general  oiretdotftOQ*  This 
method  of  formation  is  called  mtraeeUukur.    Without  doubt,  the 
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<rpu*cles    have,   like    all  other  parts  of   the   orginim,  a 
tolerably  A  <  et  and  in  a  like  manner  die  i&l 

waste  away  when  tl  work   allotted  to  them  hwWt 

performed.      Neither  the  length  of  their   life,  h  not  tk 

fashion  of  their  decay  hi 
learly  made  am 
generally  believed  th* 
rtain     number  of  tit 
aired    corpuscles  uaier 
go    disintegration    in    tat 
spleen  ;     and     indeed  ox* 
in   various  degrm 
of  degeneration  have 
observed  in  that  organ. 

Origin  of  the  White 
Corpuscles. — The  bntfini 
corpuscles  are  derived  fro© 

Led     in     the    lympkfXk 
glands,  and  ei 

duct. 

The  Snelj   granular  In 

numerous  white 

In  the  blood  origi: 

in  1 1  ^  w*y*  or  1*5  < 

division  in  the  h!< 

itself. 

The      coarselj    granul 
eosinophil- 
which    form  about   5  per  rent,  of  the  total  leucocytes  in  no 
bl I,  are  found  in  larger  numbers  in  the  connect 


¥*9>  ,i)v- Further  deTfclOfMDOal   "I   M t-CfB? 

ptiM'le«  in  connective  tifwue  eel.1*  and  trans- 
formation of  the  i  miliary  blood- 
Tf  ulii.   o.oa  elongated  cclJ  with  a  i 
theprotopljiKm txMjj.ii  d  by  Said  and  f 


corpuscle*  which  are  »till  globular ;  ft,  a  hol- 
low cell,  the  nuulrun  of  which  ha*  i  aultlplied . 
The  n^w  niirki  are  arranged  around  the 


wall  of  the  cavity,  the  corpuscle  in  winch 
have  now  become  dweoid  ;  c-,  show*  tl  - 
*»f  union  of  a  **ha?mftp*<i- 1 1  "  ocD,  which, 
in  thi*  iutanoe,  eonUina  «mlj  on»  oocpuade, 
with  the  prolongation  (W)  of  a  prorrionalj 
eriffting  tow*  I ;  a  and  ■ .  from  the  m  i 
rut ;  l>.  from  the  fatal  ibeep,  (E.  A.  Sebi  h  t. 
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Fig.  346.— Coloured  nucleated  corpuiclMt  from  tlie  red  marrow  of  the  guinra-nff 
{X.  A.  Schiii'T.) 

varioiifl  parts  of  the  body;  they  are  found  in  bjm  <  i:il  n), 

red  marrow,  in  which  at  one  time  they  were  supposed  1 

Hut   they  do  not  seem  to  be  exclusively  formed  here. 

upon  each  eosinophile  corpuscle  as  a  little  unicellular  gland,  and 

the  mass  of  corpuscles  as  a  migratory  glandular  ttssu 
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Chemistry  of  the  Blood-Corpuscles. 

The  white  blood  corpuscles. — Our  chemical  knowledge  of 
the  white  corpuscles  is  small.  Their  nucleus  consists  of  nuclein, 
their  cell-protoplasm  yields  proteids  belonging  to  the  globulin  and 
nucleo-proteid  groups.  The  nucleo-proteid  obtained  from  them  is 
not  quite  the  same  thing  as  fibrin-ferment  (thrombin) ;  it  is  pro- 
bably the  zymogen  or  precursor  of  the  ferment  (prothrombin); 
the  action  of  the  calcium  salts  of  the  plasma  in  shed  blood  is 
to  convert  prothrombin  into  thrombin  (see  p.  398).  The 
protoplasm  of  these  cells  often  contains  small  quantities  of  fat 
and  glycogen. 

The  red  blood  corpuscles. — 1000  parts  of  red  corpuscles 
contain  : — 

Water 688       parts. 

Solids  (?r^anic. 303-88     „ 

\  Inorganic 8' 12      „ 

One  hundred  parts  of  the  dry  organic  matter  contain — 

Proteul 5  to  12  parts. 

Haemoglobin 86  to  94     ,, 

lecithin 1 -8      „ 

Cholesterin O'l      „ 

The  proteid  present  is  identical  with  the  nucleo-proteid  of  white 
corpuscles.  The  mineral  matter  consists  chiefly  of  chlorides  of 
potassium  and  sodium,  and  phosphates  of  calcium  and  magnesium. 
In  man  potassium  chloride  is  more  abundant  than  sodium 
chloride ;  this,  however,  does  not  hold  good  for  all  animals. 

Oxygen  is  contained  in  combination  with  the  haemoglobin  to 
£orm  oxyhemoglobin.  The  corpuscles  also  contain  a  certain 
amount  of  carbonic  acid. 

Haemoglobin  and  Oxyhemoglobin.  — The  pigment  is  by  far 
%he  most  abundant  and  important  of  the  constituents  of  the  red 
corpuscles.  It  is  a  substance  which  gives  the  reactions  of  a 
proteid,  but  differs  from  other  proteids  in  containing  the  element 
iron,  and  in  being  readily  cry  stall  isable. 

It  exists  in  the  blood  in  two  conditions  :  in  arterial  blood  it  is 
combined  loosely  with  oxygen,  is  of  a  bright  red  colour,  and  is 
called  oxyhemoglobin ;  the  other  condition  is  the  deoxygenated 
or  reduced  haemoglobin  (better  called  simply  haemoglobin).  This 
is  found  in  the  blood  after  asphyxia.  It  also  occurs  in  all  venous 
"blood — that  is,  blood  which  is  returning  to  the  heart  after  it  has 
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■applied  rhe  tissues  with  oxygen.     Venous  b 

contains  a  considerable  quantity  of  oiyhwoiogi 

globin  i«  the  oxygen-carrier  of  the  body,  and   it   may  be  called 

respiratory  pigment.* 

Crystal*  of  oxyhemoglobin  t    ma; 
fnuu   tlie  blood  of  such  animals  as   the   rat,  guinea-pig,  or  4o£ 
with  difficulty  Eroni  oti  h  mm  m.  md  ma 

of      Til-        rn||,l,|Mli       Hi;UilIn;iK  TIlC       folloWIT  AT*    ti 

bm  :  — 

i.  Mix  a  dr*»|i  of  •  U-iibrinated  Mood  «*f  the  rat  :    riti 

drop  of 

ruin  :uzclm 

are    ivn  urlaa, 

rand  thee  tin 

rail* 
from     1 1 1  ■ 
fori  i - 

2,   Mierosc 
i  iinens      may    also 
inaile  b\ 

which  oooflkta  in 

iada  balsam  insiai 
of  water   in  tht 

N  riflirUL 

3-    ( ' 

Umfld 
by  mixing  the  bli 
ixteenth  of  its  volume  of  ether  ;  the  corpu.- 
rln    blood  assumes  a  laky  appearanoe.      After  a   p 
in.iu  a  few  minutes  to  days,  abundant  ei 

In  nearly  all  auimals  the  crystals  are  rhombic  prisms  < ri*^. 
but  in   the  guinea-pig  they  are  rhombic  tetrahedra, 
pyramids    (fig,  348)  ;  in    the    squirrel    and    hamster,    heiagoial 
plates  (fig,  549). 

The  crystals  contain   a   varying  amount   of  water  of  cmulli- 


m 


\t; 


,  —  <  'ryutala  of  oxyhwmnffli  ibm    ptiVnuitic, 

OB  liiiiiwin  Mood. 


In  ti,<  iinals  hicinoglobin  is 


loot 


bnt  usually  fa  the  plasma,  i>-<<  In  spec  "' •metimes  it  is  rental 

by  other  respiratory  pigments,  such  as  the  green  one.  chlotncrnorin,  fwad 
in  certain  worms,  and  the  blue  one,  hscmoeyan in.  found  in  many  nv^ 
Ittscs  and  Crustacea.  Chlorocruorin  contains  iron  ;  haemocjaniti  oootii* 
OQDp 

i  Orystab  of  hiemoirlobin  can  lined  by  carrying  out  the  crotil- 

ligation  in  an  attnosnhere  free  from  oxyp 
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zation  ;  this  probably  explains  their  different  crystalline  farm  and 
sbhibilil  u 

hifiinnj    obeenrexs   haw   analysed    fwvmnglolwn.     They  find 
riirl.im,  hydrogen,  nitro- 
ij,    sulphur 
mill  iron.     The  percent* 

>  0-4.     Tin 

nuts   of    the    other 

meats    .ire    varinmh 

«t  roughly  they 
are  the  same  as  in  the 

proteids. 

On  adding  an  acid  or 
alkali  to  hicmoglobiu,  it 


■; 


* 


■J* 


ra). 
Globin  is  asottttf 
snrioua   proteid  :    it   is 

l.lr  in  dilute  acids,  and 
preoipitable  from   such 

ii*H8    by    ammonia. 

resembles    a 

Nil  balance    previously 

separated   from    red   OOfpUficles    by     lw>sel,    and    termed    by   hiui 
(Sehuls.) 
Hasmochroniogeii  m  sometimes  called  reduced  ba bq  ta  tin ;  it 
may  be   forme  Iding  ■  reducing   agent    like   ammonium 

sulphide  t<>  an   alkaline  solution   of   hssmatis.      [fis  absorption 
spectrum  shown  On   the  accompanying  plate   (No.  X)t  forms  the 


Fig,  ,49,— Hexagroiiiil  ipxyhifimjprlitlmi  >  rv-Ulj,  fruro 


li 
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reaction  it  gives  with  fuming  nitric  acid  shows  H  to  be  closely 
allied  to  Bilirubin^  the  chief  colouring  matter  of  the  Bile,  and  011 
anal  found  to  be  identic*]  with  it. 

Like  hfcnmtoporphyrin,  lucmutoidin  is  free  boot  iron.  These 
two  substances  are  not  identical  (ev/.,  htcmatoidin  shows  no 
Spectroscopic  bands)  ;  they  are  probably  isomer 


Compounds  of  Haemoglobin. 
Hflemoglohiu  forms  at  least  four  compounds  with  gases  : — 


oxygen 

With  ride , 

With  nitric  ox£d<    . 


f  1.  Oxyhateiioglobin. 

\  2,   M  'bin, 

.    3.  Carbonic  oxide  haemoglobin. 

-•in. 


These  compounds  hare  similar  crystalline   farms;   they  each 

probably  consist  of  a  molecule  of  haemoglobin  combined  with  one 
of    the    gas    in    question.      They    part    with    the    combined    gas 
somewhat  readily  ;   they  are  arranged  in  order  of  stability  in  the 
li-t,  the  least  Btable  first. 

Oxyhemoglobin   is   the  compound    that  exists  in  arterial 
blood.      Many   of    its   properties    have    bees  mentioned. 

The  oxygen  linked  to  the    h;em«>globin,  which  is  retina  1]  l»v  the 
aigh  which  the  blood  circulates,  may  be  called  the 
re*/  n  of  hsemoglobin,     The  p*  thai  occur  in 

the   lungs  and   tissues,  resulting  in   the   oxygenation  and  de-C 

a  ion  respectively  of  the  haemoglobin,  may  be  imitated  outside 
the  body  using  either  blood  or  pure  solutions  of  haemoglobin. 
The  respiratory  oxygen  can  be  removed,  for  example,  in  the 
Torricellian  vacuum  <>f  a  mercurial  air  pump,  or  by  passing  a 
neutral  gas  like  hydrogen  through  the  blood,  or  by  the  use  of 
reducing  agents  like  ammonium  sttlpMde  ny  Stokes'  reagent* 
1  gramme  nf  lucuioglobin  will  combine  with  16  e.e.  of  oxygen. 

If  an j  of  these  methods  for  reducing  oxyhemoglobin  is  used, 

the  bright  red  (arterial)  colour  of  oxyhemoglobin  changes  to  the 

purplish   (venous)  tint  of  hteinoglobiii.      On  once  more  allowing 

^en  to  come  into  contact  with  the  hemoglobin,  as  by  shaking 

the  solution  with  the  air,  the  bright  arterial  colour  returns. 

These  colour-changes  may  be  more  accurately  studied  with  the 
Spectroscope,  and  the  constant   position   of  the  absorption  bands 


'-cogent  must  always  be  freshly  prepared  ;  it  is  a  solution  of 
ferrous  solpbote  to  which  a  little  tartaric  acid  has  been  added,  and  then 
ammonia  till  the  reaction  is  alkaline. 


THE    1 

aeen  constitutes  an  important  test  fur  b  will  I* 

first  necessary  to  describe 

The  Spectroscope. — When   a   ray   of   white 
through  a  prism,  it  is  refracted  or  bent  ftf 
prism ;  the  whole  raj  is,  however,  not  equally  bent,  but  it  i*  split 
into  its  constituent  colours,  which  inay  be  allow.  qqi 

The  band  of  colours  beginning   with    the    red,  f*ssuig 
through  orange,  yellow,  green,  blue,   and    end 
called  a  tpectnm  .  this  is  seen  in  n  I  the  rainbow.    It  mat 

be  obtained  artificially  by  the  glass  pri^m  or  pa  a  spectro- 

scope. 

The  spectrum  of  sunlight  is  interrupted  bj  numerous  dark  lines 
crossing  it  vertically,  called  Frauenhofer">  lines.  These  are  per* 
fectly  c« »u*tant  in  position  and  serve  as  landmarks  in  the  ^«>ctrunt, 
The  more  prominent  are  A,  B,  and  Cf  in  the  rod;  D,  ia  the 
yellow  ;   E,   h,  and   F,  in    the  Q    and     If,   in   the  violet 

These  lines  are  due  to  certain   volatt]  sokr 

atmosphere.      If  the  light  from  burning  sodium  or  .and* 

tuned   spectroseopically,  it   will   be   found    t 
yellow  tine,  or,  rather,  two  bright  yellow 
Potassiiui>  gives  two  bright  red  lines  and  onn  violet  luie; 
other  elements,  when  incandeo  i-harneteristic  lines, 

none   so    >imple    ji>    -odium.      If    now     the     Harm-    of  a  lamp  & 
examined,  it   will   be  found  a  continuous  spectrum  like 

that  of  sunlight  in  the  arrangement  of  tiny  but  unlike  it 

in  the  absence  of  dark  lines;   bat  if  the  light    from  the  lamp ■ 
made    to    pass    through    sodium     vapour  it     reaches  the 

noeoope,  the  bright  yellow  light  will  be  found  absent,  sod  is 
its  place  a  dark  line,  or,  rather,  two  'lark  lines  very  close  together 
pying  the  same  position   as   the    two    bright     lines  of  the 
sodium   spectrum.      The   sodium   vapour    thus    abfi  the  SMI 

rays  as  those  which  it  itself  produces  at  a  higher  temperature. 
Thus  the  1>  line,  as  we  term  it  in  the  solar   b 
the  presence  of  sodium    vapour  in  the  solar  atmosphere,    The 
other  dark  lines  are  similarly  accounted  for  by  other  elements. 

The  large  form  of  s |  >ec  troscope  (fig.  352)  consists  of  a  tnl 
called    the  collimator,  with  a  slit  at  the  «  da  conv- 

at  the  end  L.  The  latter  makes  the  rays  of  light  passing  fc] 
the  -lit  from  the  source  of  light,  parallel  :  they  fall  on  the 
1*,  and  then  the  spectrum  so  formed  is  focussed  by  the  I 

A  third  tube,  not  shown  in  the  figure,  carries  a  small  Iran* 
parent  scale  of  wave-lengths,  as  in  accurate  observations  the 
position  of  any  point  in  the  spectrum  is  given  in  the  terms  of  ihe 
0  11 1  spending  wave-lengths, 


together, 
lines,  but 
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If  wo  DOH  interpose  bet  with   tin    soaroe  of  tight  and  the  slit  s 
piece  of  coloured  glaaa  ( II  in  tig,  352),  or  a  solution  of  a  colour-  d 

Bubtttamv   cintainid  in  a  vessel  with    parallel   sides  (the   hivioato- 
pe   of    Herrmann),    the    spectrum    is    found    to    be   tin    1 

utinuoua,  but   ia  interrupted  by  a  number  of  dark  shadows,  ot 
<*b9f*rpti»H   i  (responding  to   the   lighl    absorbed  by  the 

coloured  medium.    Thus  a  solu  ►xvluuinotflobin  ol  I  oeffJ 

strength  gives  two  bands  between  the  h  nod  K  lines;  hemoglobin 
gives  only  one;  and  other  red  solutions,  though  to  the  naked 

ilar  to  01  !  ibm,  uill    give  characteristic  bands  in  Other 

petitions. 

rm  ur    form  of  small   spectroscope   is    the  dim 


Vig.  15a,     Dil 


spectroscope,  in  which,  by  an  arrangement  of  alternating  prisma  of 
id  llinr   glass,   the  BpeCtruiU  is  observed  bj  the  eye  in  tie 
same   line   a-    tin    tube   fiirnisbed    with    the  slit — indeed  slit  and 
prisms  are  both  contained  is  the  same  tube. 

fa  the  examination  ot  the  spectrum  of  imall  ooloored  object* 
a  combination  of  the  microscope  uid  direct  vision  spectroaofrpe, 
I  the  mi*  ia  used. 

The  next  figure  illustrate*  a  method  of  representing  absorption 
spectra  diagrammatioally.     Tlie  solution  was  examined  in  a  Layer 

entimetre  thick.  The  base  line  lias  on  it  at  1  h<-  proper  dis 
tances  the  chief  Frauenhofer  lines,  and  along  the  right-hand 
edges  are  percentages  of  the  amount  of  oxyhemoglobin  preei 
in  I,  of  haemoglobin  in  II.  The  width  of  the  shading!  at  each 
level  represents  the  position  and  amount  of  absorption  eorrc- 
ajmding  to  the  pei-emta- 

The  characteristic  epectrum  of  oxyhemoglobin,  as  it  actually 
appears   through    the   spect roscope,    is  seen   in  the  accompanying 

I  | 
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mn  21.      There  are   two  ]>tkm 

fie  a 
trker,  and    h:<  a  tbe 

Other  (the /3  band).     Ai   will   be 

<\v  hemoglobin   o\  -rreater   I 

per  ♦cut.  nod  leu   than   0*85  it,  {examined  in 

turn  of   1   centime t 
lapping  both   l>  and   E,  and  n  solution  on  t«  rrd 

Light    through   between   C   and   I*.      .\  m   which  give*  tl»; 

two   .1.  51    therefore  be  a   dili 

III 


ABC     O         Eli     F  G 

I  II 

Mil.!    i  npreacnUtitwiB  of  the  amount  of  absorption  of  light  by  *dir 
oxyhmrnufjlobiii,     II    «iM<  ■♦  nn^M-in,  ol   diiTcrt.'nt  Ktrengtv  "!in*  larfmtM 

the  amount  of  absorption  ol  ram;   the  flgurt*  on  \U 

pere«DU#e*      INilMt 

one   band  (y  band)  «>f  haemoglobin   (spectrum    3) 

defined  us  ilu   a  or  /3  hand*.      On  dilution  it  fades  rapidly, to  that 

in  a  solution  of  such  strength  that  hoth  baud  luemedobin 

would    he  ipiitc  distinct    the  single  bxmd  of    I 

appeared    from    view.      The   oxyhemoglobin 

tinguished    in   a  solution    which   eontaiua  only  4  of  tbr 

pigment  to    10,000  of  water,   ami  even  in   more  dilute  eoluUont 

which  aeem  r<»  be  colourless  the  a  band  is  still  vis; 

Kiouioglobin  and  its  compounds  also  show  absorption  hnmis  m 
the   ultraviolet    portion   of  truin.      This  M  tht 

spectrum   is    not  visible   to   the    eve,  but  can 
by  allowing  the  spectrum  to  fall  on  a  fluorescent  'Toot 

sensitive  photographic  plate.      In  order  to 
in   this   pari   of  the  spectrum  very  dilute  solutioi 
mclil  must   he  used. 


CH.  XXVT.] 


COMPOUNDS    OF    HEMOGLOBIN, 


42  1 


Oxyhemoglobin   shows  a  band  (S  god)   between    the 

1  H.    Iii  haemoglobin,  e&rbonie  oxide  hsmoglobin,  and 


1 


Rff.  J51-— The  photographic-  *peotnim  of  htttnoKlubin  und  axyhieniQtflobin 
G  UK    LM  N      O 


B 

r. 


-5-— Tin-  photognplric  ipa  trmu  <<i  oxvbwnoglobiD  Mid  uiothi«  Diuglobin. 

nitric  oxide  bieiao^lohui,  this  hand   is  rather  nearer  <J.      Methie- 
mo^iohin  and  hiematuporphyrin  short  similar  bonds. 

w v  owe  iiinst  of  our  knowledge  of  the  "photographic 
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triim      to    Prof •  «J.«iui:vf,  through  v%li.  mcnafekil 

1ci  present   reproductions  of    I  his    nun 

Methasmoglobin. — This  may  be  produced  artificially  in  virion 

ways,    is  by  nddll  vanide  or  amvl  nitrue tabkwlv 

nay  occur  in  diseased  conditions  in  ti* 

urn  ilerable    practical    importance.     It  can  be 

Btallbed,  aod  is  found  bin  the  same  amount  of  oijgeo 

ffyhflsmoglobtu,  only  combined  fa  a  different  way.    The  oxygen 

is  Dot  removable  by  the  air  pump.  Dor  by  a  stream  of  neutral  gi* 

like  hydrogen,     It  can,  however,    by  fcfl  like  am- 

i  sulphide,  be  made  to  yield  hsexxiogli  Mcthemoglobii 

is*  of  ■  brownish-red  colour,  > 

burn  I   m    the    rod    bet  '      nul    l>  I; 

dilute  solutions  other  bands  cat  na 

mcthjerooglobin.     h    la,  bowevcr,    i  irt»osa  ry  to  imm 
another  eifc 

niely  laked  li\  i In.*  addition   of 

irgeri,  ton!    thin 
.ininiuiJ  ..f  Bodiwii  ■ 
evolution  of  anj  carbonic  acid      Ihi*  discharge  of   ->\ 

11   is  at    first   right    puxxling,    i  luetnq 

rfns  the  la  hat    is   present   in 

What  occurs  \h  thai  aftei  I  la  hag 

■  '|U!iI  ijaanl 
added  takes  itx  place  ;  clsin  ucm 

iJ    from    thai    which    was    [jrevinUrdy    united      t<«     Tin* 

(Haldaue.} 


_ 


Carbonic  oxide  haemoglobin  nay    be    readily  prepared  in 
passing  h  stream  of  carbonic  oxide  or  - 
through  a  solution  of  oxyhemoglobin.      It  baa  a    p.-. 
rod   colour     Its  absorption   spectrum    is    very    tike   t] 

oglobin,  \ mt  the  two  bands  arc  slightly   nearer  tJ 
of  the  spectrum  (spectrum  4).      Kedi 
sulphide,   do   not   change  it  ;    the  gas   is   more  hrrnh 
than  the  oxygen  in  oxyhemoglobin,     CO  hucmoglobin 
La  I  a   like  those   of  oxyhemoglobin,      [t  1  a  for  a 

very  long  time. 

Carbonic  oxide  is  giveu  off  duriug  the  imperfect  •  -I'mbristianel 
carbon  such  as  occurs  in  charcoal  stoves  or  during  t  lie  explosion* 
that   occur    in    coal    mines  :     it    acts    as   a    powerful   poison  b? 
combining   with   Hm    J,  1  uiu^lohrn  of   the  blood,  and  ttron 
fores  with  normal  respiratory  processes.     The  bright  colour 
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<\   in  both  arteries  and  veins  and   its   p  to  reducing 

•gents  are  in  mi< ■'■  tie. 

Nitric  Oxide  Haemoglobin.  — When  ammonia  is  added  to 
blood,    and  then   a  stream  of  nitric  oxide  nnnflnd  through  it>  this 

mpound  is  formed.  It  .in  ay  be  obtained  in  crystals  isinnorphous 
with  oxy-and  CO-hremoglobm.      It   also  has  a  similar  spectrum. 


1.  — Hopraofarlobinoiattor  of  Di\  Gowert, 


It  is  even  more  stable  than  Vi)  hirmogiuhin ;   it   has  no  practical 
iterest,  but  is  of  theoretical  importance  aw  Liuiipletino  the  series. 

has  advanced  ■  theory  thai  blsmoglobiB  forms  a  compound  with 
arbonic  acid,  anil  that  there  are  numerous  oxyhemoglobins  containing 
iiffcreut  amounts  of  oxygen,  but  hi-*  vicwk  have  Dot  l>een  accented 

Estimation  of  Haemoglobin.— -T 1 1  ■  ■■ihod  is  bv  tl ulima* 

tion  of  the  amount  of  iron  (dry  hemoglobin  containing  42  per  cent  of  iron) 
in  the  ash  of  a  given  speei men  of  blood,  hut  iisthis  is  n  somewhat  complii 
roceas.  various  eolorinietric  methods  have  been  proposed  which,  though  not 
►  exact,  have  the  advantage  of  simplicity. 

i'b  Haamog-lobinometer.— The  apparatus  (tig.  356)  OCfllllatl  Of  1  wo 

i  tubes  nf  rh<  ( me  contains  glycerine  jelly  tioteil  with  carmine 

standard  colour — fit.  that   of   normal  blitod   diluted    100   times   with 

till*'.!  water.    The  finger  Is  pricked  and  20 outdo  arfflmtetnai el  blood  are 

neasured  out  by  the  capillary  pipette,  It.     This  is  blown  out  into  the  other 

tube   and  diluted  with  distilled  water,  added  drop  by  drop  from  the  pipette 

shipper  of  the  bottle.   A.  until   the  tint  <«£   the  diluted    blood  reaches  the 

board  colour.    This  .tube  Is  graduated  Into  100  parts.     If  the  tint  of  the 

Hinted   blood  is  the  same  as  the  standard  when  the  tube  is  filled  up  to  the 

raduation  ioo,  the  quantity  of  oxyhauuCttlubin  in  the  blood  is  normal.     If 

has  to  be  diluted  more  Largely,  the  oxyhemoglobin  It  in  )  to  a 

alter  extent,  it  is  le«s  than  normal.     If  the  blood  has,  for  instance,  to  be 
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zrad  nation  50.  the  amount  of  Iirm 
be — 50  per  cent,  of  the  normal — and  an 
Von   Fleischl'B   HftmomeWr.-  ' 
Hand  bearing  a  whe  .-j  eurfact  I  a  platform.     Und#r  tie 

platform  is  11  slot  carrying  a  plase  wedge 

wheel  (R).  9  a  small  cylindrical  rea*  crtjalli 

into  two  compartment-  i  un<! 

Fill  with  a  pipette  r  1  n'  over  the  wedjre 

Fill  about  a  quart*.?  of  th«-  other  rr>m  part  men  t  (#)  with  «ii^rilJe-*i  wafer. 


1  in.  v  j  7.  —  FJetooMV  Hanoi jfdubinom«ier. 

Welt  the  finger  and   fill  the  snort   caf  rte  provided  with  the 

Koatnunent  with  blood.     Diswivc  this  In  the  watej  in  compartment  a, a 

fill  it  up  with  distilled  water. 

ifi  1  the  reflector  (S)  to  throw  art  {filial  light  verticallythrOTjfc 

both  1  «s  look  down  through  them,  and  move  the  wedge  of  gun 

by  the  milled  head  (T)  until  the  colour  of  the  two  it  identical.    Read  oil  the 
scale,  which  is  bo  corial  rue  ive  the  percentage  of  h^i 

l>r.  George  Oliver's  Method  consists  in  comparin 
suitably  dilated  in  u  shallow  white  palette  with  a  tiri  t  tandard  tot* 

very  carefully  prepared  by  the  use  of  Loyibond'a  coloured  glasses.    TV* 
standards  arc  much  better  matches  for  blood  in  icgrees  of  dilation 

than  in  the  nther  colortmetric  methods,     Fhe  yellow  tint  of  diluted  has 
globiu  is  very  successfully  Imitated* 

Tests  for  Blood. — These  may  he  gathered  from  preceding 
descriptions.  Briefly,  they  are  microscopic,  spectroscopic,  and 
chemical.  The  best  chemical  test  is  the  formation  of  httmiti 
crystala,  The  old  test  with  tincture  of  guaiaciim  and  hvdrogai 
peroxide,  the   Mo<h1    .rdi^in^  the  red  tincture    to  become  green, 
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is  very  untrustworthy,  as  it    is  also   niven   hy  niany  other  organic 
substances. 

In  medico-legal  cases  it  is  often  necessary  to  ascertain  whether 
'  or  not  a  red  fluid  or  stain  upon  clothing  is  or  is  not  blood.  In 
any  such  case  it  is  advisable  not  to  rely  upon  one*  test  only,  but 
to  try  every  means  of  detection  at  one's  disposal.  To  discover 
whether  it  is  blood  or  not  is  by  no  means  a  difficult  problem, 
l>ut  to  distinguish  human  blood  from  that  of  the  common  mam- 
mals is  practically  impossible. 


CHAPTER    XXVII. 

THE    ALIMENTARY  CANAL. 


The  alimentary  canal  consists  of  a  long  muscular  tube  lined 
by  mucous  membrane  beginning  at  the  mouth,  and  terminating 
at  the  anus.  It  comprises  the  mouth,  pharynx,  oesophagus, 
stomach,  small  intestine  and  large  intestine.  Opening  into  it  are 
numerous  glands  which  pour  juices  into  it ;  these  bring  about 
the  digestion  of  the  food  as  it  passes  along.  Some  of  the  glands, 
like  the  gastric  and  intestinal  glands,  are  situated  in  the  lining 
mucous  membrane  of  the  canal ;  others  like  the  salivary  glands, 
liver,  and  pancreas,  are  situated  at  a  distance  from  the  main 
canal,  and  pour  their  secretion  into  it  by  means  of  side  tubes  or 
ducts. 

The  events  that  take  place  in  the  alimentary  canal  are,  (i) 
digestion,  that  is  the  conversion  of  the  food  into  soluble  sub- 
stances; and  (2)  absorption,  that  is  the  passage  of  these  soluble 
materials  into  the  blood  or  lymph  in  the  vessels  of  the  wall  of 
the  canal. 

Digestion  is  a  series  of  chemical  actions  produced  by  the 
digestive  juices  on  the  food.  We  shall  therefore  have  to  study 
the  composition  of  the  food  as  a  preliminary  to  the  consideration 
of  their  digestion.  In  addition  to  chemical  processes,  there  are  a 
number  of  mechanical  actions  such  as  mastication,  deglutition, 
peristalsis,  which  we  shall  reserve  for  a  separate  chapter. 

In  the  present  chapter  we  shall  take  the  structure  of  the 
alimentary  canal,  reserving,  however,  a  detailed  study  of  the 
glands  until  we  consider  the  action  of  their  secretions. 
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The    Moi  i  u. 

This  cavity  is  lined  by  a   m  fitting  at  a 

curium  of   tihron                 with    numerous    pat  htuphuid 
tissue  in  it,  especially  in  the  posterior 

of  the  stratified  varii                      aembling  the  e                Tto 

surface  layers,  like  those  of  the  spiders  e  of  bony 

scales.     Opening  into  the   mouth   are    a   large  number  of  little 

mnoous  glands,  and  the  salivary  glands  pour  o  hno 
the  mouth  also.      The  teeth  (p.  70)  have  b 
The  tongue  will  be  considered  b 


That  portion  ol  tl  «1  which  11  j  i  *u«b 

the   mouth   and    tl  pa*  It 

Mstructod    of    a  ree  ms* 

cles    with    striated     fibres    (news  ii  ftp  4 
which  an  i    thin  fjwoi  o 

teruallw   and    are     lir 
strong  (pharyngeal 

On    the   inner   aspect    of 
(BUbmuoOUa)     tissue      and     i 
brand,  COntinuOUB  >\ith  that  of  r  helium: 

and,  m   regards    the    pari    concerned 
lUowing,  i>  identical   with  it  inj 

structure.      The  epitheliuru    of  this 
of  the  pharynx,  like    that  of  the 
is  stratified.     The   upper  pari 
pharynx    into    which     the    nares  open 
lined  with  ciliated  epithelium. 
The  pharynx  is  well  supplied  with  imn 
Be t w ecu  t  h e  an terior  1 <  1 1  <  I  posterior  1 *  re hes  of  1 1 
situated  the  Tvnmfo,  one  on   each   side.      A    tonsil    c 
elevation  of  the  mucous  membrane  presenting    1:  1 
which  lead  into  crypts  or   recesses,   in   the    v\alls  of    m\ 
placed  nodules  of  lymphoid  tissue  (lig.  359)*      These  nod 
enveloped  in  a  less  dense  adenoid  tissue  which 
surface.      The  surface  is  covered  with   stratified   epithelium,  ani 
the  corium   may  present  rudimentary  papOlss  formed  of  adenoid 
tissue.      The   tonsil    is   bounded    beneath    ley    a    fibrous  eapHil* 
(n£»-  35 9*  4)*     luto  the  crypts  open  the  duets  of  numerous  macros 
glands. 


*g  358.— Lingual  fa 

rrypt.      0,  iimilutnin  f ft 

mucous  laiwiliiimi  with 

it*  papillw?;  ft,  lymphoid 
»I  lym- 
phoid nodules.    ( Frey . ) 


a 
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Thb  (Esophagus  or  Gullet, 

fthe  (Esophagus  or  Gullet,  the  narrowest  portion  of  the  ali- 
mentary canal,  is  a  muscular  tiling  nine  or  ten  inches  in  length, 
which  extends  from  the  fewer  end  of  the  pharynx  to  the  cardiac 
orifice  of  the  stomach. 

dure* — The  oesophagus  is  made  up  of  three  coats — viz., 
the  outer,    mutcular ;   the  middle,  submucous;   and    the    inner, 


Epithet. 


tunica 
propria. 


Tig.  gg§* — Veiiic.nl  tta-liuu  through  1  omit  of  the  tnm  Hmxil,  1,  entrance  to  the  crypt ; 
2  and  3,  the  framework  of  adenoid  tfattftj  4,  the  endlMlflf  fl-broua  tissue;  a  ana  6, 
lymphoid  uoduh*  ;  5  tad  6.  hluud-YCNaeUi.     (St. -1m 


mftaM.  The  hittsrttlttc  ooat  is  covered  externally  by  a  varying 
amount  of  looee  fibrous  tissue.  It  is  composed  of  two  layers 
of   fibres,    the   outer    being  arranged    longitudinally,   and   the 

inner  circularly.  At  the  upper  part  of  the  irsophagus  this  coat 
is  made  up  pri  mi  pally  of  striated  muscle  fibres  ;  they  are  con- 
tinuous with  the  constrictor  muscles  of  the  pharynx;  but  lower 
down  the  uustriatcd  fibres  become  more  and  more  inum  nus,  and 
towards  the  e&d  of  the  tube  form  the  entire  coat.  The  muscular 
coat  is  connected  with  the  mucous  coat  by  a  more  or  leas 
developed  layer  of  areolar  tissue,  which  forms  the  tubmttCQUM  coat, 
in  which  are  contained  in  the  lower  half  or  third  of  the  tube  many 
mucous  glands,  the  ducts  of  which,  passing  through  the  mucous 
membrane,  open  on  its  surface  {fig.  360),  Separating  this  coat 
from  the  mucous  membrane  proper  is  a  well-developed  layer  at 
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[mum 


longitudinal!/  arranged  unstriated  muscle,  called  Um 
wiflw.     The  corium  of  raucous   membrane  is  composed  d  fa 
connective  tissue,  which,  towards   the   au  •  •.  levated  m> 

papillae.     It  is  covered  with  a  stratified  epithelium,  of  v. 


ft 


Pig,  j60w — Section  uf  the  miuous  membrane  nn<l  rat  *t  of  the 

rnost  superficial  layers  are  squamous.     The  epithelium  is  amnj 
upon  a  basement  membrane. 

In  newly-born  children  the  oorium  exh  a  many  ; 

structure  of  lymphoid  tissue  (Klein), 

The  Stomach, 

In  man  and  those  Mammalia  which  are  provided  with  n  smtk 
stomach,  it  consists  <>f  a  dilatation  of  the  alimentary  oual 
placed  between  and  continuous  with  the  aaaophagus,  which  enta* 
its  Larger  or  cardiac  end  on  the  one  hand,  and  the  small  mu* 
tine,  which  commences  at  its  narrowed  end  OK  py  !«»nis  «  tke 
Other.  It  varies  in  shape  and  size  according  r.»  its  atsk  d 
distension. 


STRUCTURE    OF    THE    STOMACH 


Structure. — The  riotnabh  is  composed  of  four  coats,  called 
respectively — (i)  an  external  or  peritoneal,  (2)  muscular,  (3)  sub- 
mucous, and  (4)  inocous 

with    Muim|-\! 
lyiiiphniio,     ami     iR-rves 
buted     in     and    be- 
tween them. 

(  1  )  The  peritt/Jtftti  L-oat 
hi- 1  ho  structure  of  serous 
nit  ■in  hi-;  m  66  in  general. 
(2)  TIh'  mwaifar  coat 
fWUHtiflta  «»f  three  sepa- 
rate   l:i\  '  HI     oat     Mtl     oi 

1 1  \  1 res,    which,   1  ic oon bug 

to  th  ei r  so  ven  1 1  d  i  C8 0 1  i 
are    named    the    bu git 1 1- 
ilinal,    circular,    and    ob- 

li«iur.     The   fat 

>■  \\\r   iiiu>!  mpor- 
BoU :  thej  ire  oontuxtunu 

with       the      longitudinal 

od    fchi  mophagufl 

and   spread   out    in  a  di- 
ng manner  over  the 

oardiaG  end  tad  sides  of 
the  stomach.  Th- 
tend  as  far  as  the  pylorus, 
being  especially  diitinot 
at  the  lesser  or  upper 
curvature h  Mm  itonutcfa, 
along  which  they  \< 
several  strong  bands.  The 
it,  the  circuhir  or 
tmnsvcrKr  fibres,  art-  most 
abundant    at     the    middlo 

and  in  the  pyloric  portion 
of  the  organ,  and  form 
the  chief  part  of  tin  Mm  h 
projecting  ring  of  tin- 
pylorus.  They  are  con- 
tinuous with   the  circular 

layer  of  the  intestine.  The  deepest  set  of  fibres  are  the  pbUqu^ 
continuous  with  the  circular  muscular  litares  of  the  oesophagus: 
they  are  comparatively  few  in  number,  and  are  found  only  at  the 


Fig.  561,—  From  n  vertical  <w?rtion  thnrnp-h  the  inu- 
mi  uicinbran*?  *•*  the  Nirdin  <  •uiach. 

•  irkndft  ore  shnwn  with  »  duct  nommem  t<i 
btith,  a,  duct  with  coltniffi&f  qpitheJinxn  U- 
ronirng  shorter  ls  the  oelli  uq  tafcood  down- 
ward ;  n,  nii  k  of  plstnd  tubes,  with  central  and 
p*ri<  ,  Hi  ml  u*  with  curved  4 

here.     |  KVin  aud  Noll*:  Siui 
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portion  of  the  stomach  :  they  form  a  sphincter  around  tat 
cardiac  orifice.  The  muscular  fibres  of  the  stomach  and  <if  tke 
intestinal  cans]  are  wutrutfed,  being  composed  of  ekngsfed, 
•puddle-shaped  6bre-cell*. 

(3)  The  Bubmueou*  teat  consists  of  loose  an  *iitt 

connects  the  muscular  coat  to  the  mucous  membrane. 

blood-vessels  and  nerves ;   in    the   contracted  state  of  ft* 
it  is  thrown  into  numerous,  eh  faifc 

or  nigas  which  disappear  when  the  organ  i 

The   mueomM  moi%hn*ne  is  composed   of  a.  caritan 
connective  tissue,  which  approaches  closelv  iarii 

tissue;  this   tissue  supports    the    tubular  of    whin 

superficial  and  chief  part  oi  fe 
in  1  irons    men  "paid, 

and  passing  up  between  Htm 
assist.**  in  binding  them  tog«tkt 
The  glands  arc  separated  hm 
the  rest  of  I  h 

neons  \m* 
inriit  membrane.     Tt 
corered  with  a  layer  of  aril 
epithelium,    which    passes 
into  the  mouths  of  the  glandL 

At    the  I     part   of 

mucous  Enefltbru 
layers  (circular  and 
of    imstriped    muscular    fibres,    called    the 
which  separate  the  mu  inbrane  from  the  scat 

Uhhuv. 

Win  ined  with  a  lens,  the  internal  or  free  surface  of  1 

Itomaoh  presents  a  peculiar  honeycomb  appeaz  -ibf 

shallow    polygonal    depressions,    the     diameter    of    which   (iris 
generally  from  g-$vtfa  to     l^thof  an  inch  (about  125^);  hut  1 
the    pylorus   is  as  much  as  y-chrth  of  an   inch    (250^).     In  tht 
Wtinu  of  these   little  pits,  and  to  some  extent  between  ::■ 
minute  openings  are  visible,  which  are  the  orifices  of  th< 
perpendicularly  arranged  tubular  glands  (fig.  361 )f  imbedded  adt 
by   side   in    Bets    or    bandies,    on    the    surface  mucow 

hum  1  :  Dearly  the  whole  structu: 

The    glands  <»f    the  mucous  membrane   are  of  two  rarietM* 
. .  (*)  Pyloric 

Is  are   found  throughout    the   whole  of  the 
cardiac  half  and  fundus  of  the  stomach.     They  are  arrange 
f   four  or  fire,  which  are  separated  by  a  fine  count 


Fig.    16a,- TrtOffTfiw     Aerliun    through 
Lower  part  of  acat. 

.,,  parte**]   oellfl;    .\  ocatz*] 
r,  trannvp 

(Fr,, 


tton  ot   cap 
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ti>.*aic.  Twn  ur  three  tubes  open  into  one  duct,  which  forms  about 
■  third  Of  the  whole  length  of  the  tube  and  opens  on  the  surfrn ». 
The  duets  are  lined  with  columnar  epithelium.  Of  the  gland- 
tube  proper,  f>.  the  part  of  the  gland  below  tin  duet,  the  upper 
third  is  the  nock  and  the  rest  the  body*  The  neck  is  nan  .  > 
than  the  body,  and  is  lined  with  r-.uisely  granular  polyhedral 
cells  which  are  continuous  with  the 
columnar  cells  of  the  duct.  Between 
these  cells  and  the  basement  mem- 
brane of  the  tubes,  are  large  oval 
OCgpherieal  cells,  opaque  or  granular 
in  appearance,  with  clear  oval  nuclei, 
bulging  out  the  basement  tnembrwn 
these  cells  are  called  parietal  edit, 

They  do  not  form  a  continuous 
layer.  The  body,  which  is  bfo 
than  the  neck  and  terminates  in  a 
blind  extremity  <>r  fundui  near  the 
muscularis  mucosa',  is  lined  by  cells 
continuous  with  the  central  cells  of 
the  neck,  but  longer,  more  columnar 
and  more  transparent.  In  this 
part  area  few  parietal  cells  of  fche 
same    kind    as     in     the    neck    (fig. 

(0)  1'ytnrtt'  Glamd*. — These  glands 
(fig,  363)  have  in  mil  longer  ductfl 
than  the  cardiac  glands.     Into  each 

duct  two  <»r  three  tubee  open   by 

very  short  and  narrow   necks,  and 

the  body  of  each    tuba  is  branched, 

wavy,  and  convoluted.     The  lumen 

is  large*     The  ducts  are  lined  with 

columnar  epithelium,  and  the  neck   and  body  "with   shorter  and 

finely  granular  cubical  cells,  which    correspond   with   the  central 

cells  of  the  cardiac  glands.      As  they  approach  the  duodenum  the 

pyloric   glands   become  larger,  more  convoluted   and  more  deeply 

situated.      They  arc  directly   continuous   with    Brunners  glands 

in  the  duodenum. 

Lymphatic*.— Lymphatic  vessels  surround  the  gland  tubes  to 
a  greater  or  less  extent.  Towards  the  fundus  of  the  cardiac 
glands  are  found  masses  of  lymphoid  tissue,  which  may  appear  as 
distinct  follicles,  somewhat  like  the  solitary*  glands  of  the  small 
intestine. 


■  -hoTiriiiifr  the  pyloric 
;  d,  ducts 


gland?.     *,  free  nnxrface  ; 
of    pyloric    glmida;    n,  nark    of 
Mine ;     m,    ttMS    irkml     ulvooli  ; 
unit,  litn-'iil'iii-  tnt&OOaB.     (Klein 

it  nd  >,. 
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Btood-vestcU. — The  blood-vessels  of  the  stomach,  which  fast 
break  up  in  the  tab-mucous  tissue,  send  branches  upward  between 
the  closely  packed  glandular  tubes,  OHM  i  them  by 

means  of  a   fine  capillary   net  ith    oblong  meshes.     Cce- 

fcxnnouB  with  this  deeper  plexus,  or  prolong  it,  » 

a   more  superficial   network    of  larger    capillaries,    which  broach 
densely  around  the  orifices  of  the  tubes,  and  form  the  framework 

on     which  i    tb* 

I  elevated  ridges  of  mu- 
cous membi  nding  the 
minute,  polygonal  pits  before 
referred  fo  Vxam  this  mp*~ 
ms  chiefly 
take  the  Thence  pac- 
ing down  between  th  tubea, 
with  no  lecbon 
with  thi  r  int^r  fubwlar 
capillary     plexus,     the?    opeo 

i 
in  the  sub-mucous  Han 

\\  rw  f, — The    ner  . 
stomach  are  derived  from  the 
pneumogastric       and      symja- 
thel  ic,  and   h  two  plejiue* 

one   in  the  sub -mucuis  ami  the 
othei     between     the   urascalat 
rs. 
These     ]>1  cruses     are    oon- 
tinuouB  with  1 

in   the   same   situations  in  the 
intestine,  and  which  we  shall  again   rel 


Fig*  364.— Plan  uf  tbo  ' 

rtomu-li,  us  tiiej-  would  ]>*'  tmm  m  .1 
vertical  Motion  e,  Hfrgfaa,  p—tog  DD 
tr.Msi  ch>  v -nels  of  submucous  coat: 
ft,  capillaries  branching  between  and 
around  the  tube* ;  c ,  superficial  plexus 
of  uipniirtoi  occupying  the  ridge*  of 
the  miiKUx  membrane  ;  <J,  vein  f  nnnwl 
l.y  tin-  mn«m  of  YfdUM  which,  having 
collect**!  the  ldood  of  the  superficial 
capillary  nil m,  jih  MMB  jmssiiig'  down 
h.  t\v.  -n  On   tubfe.       Urttifuri. « 


The  Intestines. 


. 


The  Intestinal  Canal  is  divided  into  two  chief  portt 
from  their  differences  in  diameter,  the  small  and  faryg  intestine. 
These  are  continuous  with  each  other,  anu!  communicate  by 
means  of  an  opening  guarded  by  a  valve,  the  i7no  n  toil  valve, 
which  allows  the  passage  of  the  products  of  digestion  from  the 
small  into  the  large  bowel,  but  not,  under  ordinary  circumstances, 
in  (he  opposite  direction. 

The    Small    Intestine.- — The    Small   Intestine,  the  average 


~m 
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of  which  in  an  adult    is    ibout    twenty   feet,    has  been 

divided,   for  convenience  of  description,  into  three  portions,  viz., 

Dt,  which  extends  for  eight   or  ten   inches  beyond  the 

pylorus;    the   jejunum,   which    forms   two -fifths,   and    the    ileum, 

which  forms  three-fifths  of  the  rest  *>f  the  canal, 

"re, — The  small  intestine,  like  the  stomach,  is  constructed 

w                                    ^ 

i     1 

1  /m/             TV"' 

k 

A 

of     four    co 
mucous. 

(x.)  The 
peritoneum, 
general, 

(2.)     The 
external   Ion 
the   thicker. 

K.IV 

Fig.  365. 

ats,    viz.,    the    serous,     muscular,    sub  ni 

serous  coat  is  formed   by   the    visceral   h 
and    has    the    structure    of    serous    me 

itut.iritlitr  coat  consists  of  an  internal  oifQ 

gitudinal   layer:  tin-   former  is  usually  t 

Both  alike  consist  of  bundles  of  unstri 

neons,     and 

tyer  of    the 
mbranes   in 

ilar  and  an 
Tonsiderably 
ped  muscle 

Y   Y 
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supported  lurtivr  tissue.  Th«v  are  well    provided 

lviriphutj.;  vessels,  which  form  >ct  from  thereof 

mucous  membn 
^Between  tiie  two  muscular  o  nerve-]  icrb 


Fig .  .166.— Horizontal  *ection  of  it  «n«ll  fragment  of  the  mtj- 

tad  pu  ■  rraal  others, 

w  adenoid  th 


Fig;  367.— AiierhaHi'a  nerve-plexua  in  Rami]  intrwtintv     (hmffl|im-cv'T]K  «?«•  kL_ 
th-  pterin,  tin  whole  of  which  i«  f-nduued  in  a  nucleated  ahcatlt, 

plexus)  (fig.  367),  similar  in  structure   u>  M 

muooufi  ooat),  but  coarser  an*l  with  more  numerous  gaogluu 

(3.)  Between  tlie  mucous  and  nmscular  the  guhmwt* 

coat,  which  consist-  of  connective  tissue,  in  which  numerous  Mo 
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ria  and  lymphatics  minify 


I  fun'  plexus,   OOMJitCPg  mainly 

non-meauiiateo  nerve-nov  with  ganglion 

-cells  at  its  iin.lrn,  uri  ui.s  in  the  submucous tissue  bom  the  stomach 
to  the  at 

(4.)  The  ufasvu  is   the  most    important    coal    in 

<>n  to  the  function  of  digestion.      The  following  structures, 

which    enter    into    its    composition,    may  now    1  ssivcly 

rfbed : — the  pa  WHpeato;  the  Pttft;  and  the  gUmd** 

The  general  BtRMtun  of  the  unions  membrane  of  till  intestine* 

tnbles    that     of     the     stomach,    and, 

like  it,  is  lined  on  its  inner  surface  by 

nii;u    epithelium.       Adenoid    tissue 

(fig.  366)  enters  largely  into  its  construe* 

t ion  ;   and  00   its  deep  surface  is  the  ffnfr 

irls    mucosae  (m,   fig.   569),  the   fibres 

of  which    ;ire  arranged  10  two  layers:    the 

irul    in  1  the  inner  circular* 

Vcdvulfk    Conniventei.       The   ralvula 

eoiiinn  1  ice  in  the 
duodenum,  about  one  or  two  inches 
beyond  the  pylorus,  and  becoming  larger 
and  more  numerous  immediately  beyond 
the  1  trf  the   bile  duet,  continue 

thickly  arranged  and  well  developed 
throughout  the  jejunum  ;  then,  gradually 
diminishing  in  sise  and  number,  they 
the  middle  of  the  ileum. 
They  are  formed  by  a  doubling  inwards 
of     the    mucous    membrane  :    the   eres- 

tic,  nearly  circular,  folds  thus  formed 
are  arraign]  transversely  to  the  axis  of  the  intestine,  bu1  each 
individual  fold  seldom  extends  an  mud  more  than  !  or  -  of 
the  bowel's  circumference*  Unlike  the  ruga  hi  the  oesophagus 
pad  stomach,  they  do  not  disappear  on  distension  of  the  canal. 
Their  function  m  to  afford  a  largely  increased  surface  for  secretion 
and  absorption.     They  are  covered  with  villi. 

YiUi—  The  Villi  (figs.  369,  370,  and  371)  are   confined  exchi- 

vely  to  the   mucous   membrane  of    the   small   intestine.      They 

minute  vascular  processes,  from    4l~  to   J  of  an   inch   (5    to 

3  mm.)  in  length,  oovering  the  surface  of  the  mucous  membrane, 

and  giving  it  a  peculiar  velvety,  fleecy  appearance.  Krause 
estimates  them  at  fifty  to  ninety  in  number  in  a  square  line  at 
the  Upper  part  of  the  small  intestine,  and  at  forty  to  seventy  in 
the  nine  area  at   the  lower  part.      They  vary  in  form  even  in  the 

9  I  S 


■  f  mull  in- 

tMtine     j'l.  i  [cntaly    di»- 

eu  <1  fry 

■total .  ,]Aid  opontoihow 

t  It*?    IWWTWtl    porfti 

the  valvulai  ninmvtfitcs. 
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m   mm    the  lymphatic  teasels  or 
lacteal*  which  they  contain  are  empty  or  hill ;  being  uauiJ 
the  former  case,  fiat  and  pointed  ax  their  summits,  in  the  Utter 
cylindrical 


Each   villus 


of  a 


r* 


^S*  369..— Vertical  section  of  duode- 
ftum,  showing-  a,  villi ;  6,  crypt* 
of  Liebcrkuhn,  and  c,  Bummer*! 

fluids  in  th«  submuoosa  «,  with 
ucti,  rf  ;  muxeuljuis  raucow,  iw  ; 
wad  circular  muscular  coat  f, 
(Schofleld.J 


projection  of  mucous  tram- 
brmne  ;  its  interior  consists  of 
fine  adenoid  tissue,  which  form* 
the  framework  iu  which  tike 
other  constituents  are  cctr 
tained. 

The    surface    of    the  villus 
clothed    by  columnar  epit; 
which  rests  on  a  fine  baaemem 
membrane  ;  while  within  this  ar* 
found,    reckoning  from   wi 
inwards,    Mood -vessels,   ' 


tike 
000- 

ium, 
aw 


Fig,  170.— Vertical  section  of  a  rtilo  4 
the  small  intestine  of  *  e*t  • 
striated  border  of  the  eprtasiimn; 
J>,  columnar  epithelium;  r,  soakc 
cells;  rf,  central  lrmpb-Tea«4  «> 
smooth  m  oscular  fibres;  /.  ateaH 
stroma  of  the  villus  in  which  Irapt 
corpuscle**  lie.     [ Klein,) 


the  intsaeularM  mucosae,  and  a  single  lymphatic  or  lacteal 

sometimes  looped  or  branched  (fig.  3  71). 

The  epithelium  is  continuous  with  that  lining  the  other  parti 
of  the  mucous  membrane.  The  cella  are  arranged  with  their  long 
axis  radiating  from  the  surface  of  the  villus  (fig.  370),  and  their 
smaller  ends  resting  on  the  basement  membrane.  The  free 
surface  of  the  epithelial  cells  of  the  villi,  like  that  of  the  cella 
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which  cover  the  general  surface  of  the  mucous  membrane,  if  sur- 
mounted  by  a  bright  border  which  exhibit*  very  delicate  striatums, 
whence  it  derives  its  name,  striated  border. 

Beneath  the  basement  membram.-  there  is  a  rich  supply  of 
bloodrvtueh.  Two  or  more  minute  arteries  are  distribute! 
within    each    villus;    and     from    their   capillaries,    which    form 


wig.  37i.— A.  rwiuif$kMp.    b.  rn 


Sli^Mly  altered  from  Teichmuui.) 


a  dense  network,  proceed  one  or  two  small  veins,  which  pass  out 
at  the  base  of  the  villus. 

The  layer  of  the  musevtaris  mMOQ&GB  in  the  villus  forms  a  kind 
of  thin  hollow  cone  immediately  around  the  central  lacteal,  and 
is,  therefore,  situated  beaeal  h  the  blood-vessels.  It  is  instrumental 
in  the  propulsion  of  chyle  along  the  lacteal. 

The  lacteal  itestel  in  each  villus  is  the  form  of  commencement 
of  the  lymphatic  system  of  vessels  in  the  intestines.  It  begins 
almost  at  the  tip  of  the  villus  commonly  by  a  dilated  extremity. 
In  the  larger  villi  there  may  be  two  small  lacteal  vessels  which 
join,  or  the  lacteals  may  form  a  network  in  the  villus  (fig.  371). 


1IIL     Al  I  tfAXu 

''   — The  glands  ami  .  inds: — viz,,  those  of  Lieb»- 

kuhn  ami  of  Bnunicr.      )'<  licSa 

at*  composed  of  lymphoid   nodules.      The  aes  called 
gland*,  they  form  no  externa]  secrstiof*, 

Thv  de 

of  the  intestinal    mucous    mei                thickly  ted 

the  whole  snrfa<                  i    the  large   and   small    n  In 

the  small  intestine  they  are  visible  only  with  r>  »f  a  lew; 

and  their  orifices  appear  as  minub  tween  tie 

villi,     Th<-;             rger  in  the  large  into  >eTeaaemi 


Fig.    \t**—  Tran-\  rough 

torn  crypt*  of  LiehcrktOin  from  the 
hirge  intcatme  of  tlif  nfa,  Thty  an- 
]ih»tl  by  columnar  epiUv 

i  bciiuj  placed,  in  the  outer  port 
of  the  eelk.  The  divisions  1  •■ 
tbl  PlQa  in  seen  as  lines  radinttnp 
frail  U  the  lumen  of  the  er 
.  pltiwtW  Mil*  wfcJoh  have  become 
tmnaf<>rm<-<l  int«i  gohletcel]*,  X  j«io. 
(KJein  ami  Noble  Smith.) 


A    rkaO 

longitudinal  «r* 
(Brintaa.) 


the  nearer  they  approach   the  anal  end   of  the    intestinal   I 
and  in  the  rectum  their, orifices  may  be  visible  t<»   the  naked  eje 
In   length  they  vary  from    j-j^  to  ^  of  an    inch.       Each  tubule 
(fig,   373)  is  constructed  of  a  tine  basement  mm 
layer  of  columnar  epithelium,  many  of  the   cells  of  which  an? 
goblet  cells. 

Ihtttuur*  glands  (fig,  369)  are  confined  to  the  duodenum;  they 
are  most  abundant  and  thickly  set  at  its  commencement,  and 
diminish  gradually  as  the  duodenum  advances.  They  are  situated 
beneath  the  musouJaris  mucosa;,  imbedded  in  the  submucous 
tissue;  each  gland  is  a  branched  and  convoluted  tube,  lined  with 
columnar  epithelium.  In  structure  they  are  very  similar  to  the 
pyloric  glands  of  the  stomach,  but  they  are  more  branched  and 
convoluted  and    their  ducts   are   longer.      The  duct  of  each  gland 
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through  tlie  rauseularis  mucosa;,  and  opens  on  the  surface 
*f  the  mucous  membrane. 

Ptyn*   patcha  are   found    in  greatest  abundance  in    the-   lower 
of  the  ileum  near  to  the  Heo-eeecal  valve.      They  consist  of 
I    -mope  of   lymphoid  nodulea ;    they  vary   from   one 
inches  in  length,   and  are  about  half-an-ineh   in  width, 
fly  of   an  oval  form,  their  long  axes  parallel  with  that  of  the 
ine. 

aey  are  almost  always  placed  opposite  the  attachment  of  the 
ntery.     When  the  lymphoid  nodules  occur  singly,  as  they 


Ia/W* 


\i 


j 74*—  Agminate  follicles,  orPeycr'i  patch,  in  a  Ml  -  si  dintcnsioD.     *  J.     {B»jehm.) 


[>ft€u  do  both  in  small  and  large  intestines,  they  are  called 
litary  filau<hr  or  fol ticks. 
The  Large  Intestine. — The  Large  Intestine,  whieh  in*  an 
It  is  from  about  4  to  6  feet  long,  is  subdivided  for  descriptive 
ses  into  three  portions,  viz.  : — the  c<zcnmf  a  short  wide 
communicating  with  the  lower  end  of  the  small  intes- 
ine  through  an  opening,  guarded  by  the  Hco-czecul  valve  ;  the 
pidH,  continuous  with  the  cajcum,  which  forms  the  principal  part 
:>f  the  large  intestine,  and  is  divided  into  ascending,  transverse, 
id  descending  portions  *  and  the  rrrtnm^  which,  after  dilating 
its  lower  part,  again  contracts,  and  immediately  afterwards 
[>pens  externally  through  the  anus.  Attached  to  the  erccum  is  the 
nail  appendix  vcrmtform%& 

tenure, — Like  the  small  intestine,  the  large  intestine  is  con- 
tracted  of  four  coats,  viz.,  the    serous,  muscular,  sub-mucous, 
ad  mucous.     The  scrims  coat  has  connected  with  it  the  small 
cesses  of  peritoneum  containing  fat,  called  appmdiea  tpiptoiom* 
tie     tib res    of     the    musc\dar    coat,    like    those    of    the    small 
intestine,  are   arranged    in    two    layers — the   outer    longitudinal, 
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the  inner  circular.      In  the  camm  the   longitudinal 

fibres,  instead  of  being,  as  iu  the  small  iM  •  hirJj dispwri  io 

all  parts  of  the  wall  of  the  bowel*  are  collected,  for  the  most  i*a 
into  three  ffcro&g  bands,  which,  being  shorter,  from  end  to  end, 
than  the  other  coats  of  the  intestine,  hold  the  canal  in  fold*, 
bounding  ifitermedi  ili    nM  the  division  of  these  buidfctbf 

intestine  can  be  drawn  nut  to  its  full  length,  ami  it  then  assumes 
an    uniformly    cylindrical     form.        In    the    irvtim),   the  ikaricali 


-,.— Trail*  venue  MCtion  of  injected  Feyer*»  paUh  (frtttn  Kolliker  .     The  dmriaf *■» 
taken  from  n  preparation  made  by  Frey  from  the  inte*tin<'  of  the  rabbit  .  it  i 
01?   the  tine  ctipillnry-loopfld  network  *fireading  from  the  *uiroandin$  * ' 
the  interior  of  three  of  the  lymphoid  nodules. 


of  these  longitudinal  bands  spread  out  and  mingle  with  the  other 
longitudinal  fibres,  forming  with  them  a  thicker  layer  of  fibres  than 
exists  I j i  any  other  pari  of  the  intestinal  canal.  The  circular  mus- 
cular fibres  are  spread  oyer  the  whole  surface  of  the  bowel,  but 
are  someM'bat  more  marked  in  the  intervals  between  the  sacculi. 
Towards  the  lower  end  of  the  rectum  they  become  more  numerous, 
and  at  the  amis  they  form  a  strong  ring  called  the  internal 
sphiJicter  muscle. 

The  muctnu  membmiie  of  the  large*  like  that  of  the  small 
intestine,  is  lined  throughout  by  columnar  epithelium,  but,  unlike 
it,  is  quite  destitute  of  villi,  and  is  not  projected  in  the  form  of 
valvule  connivetites.      Its  general   microscopic  structure  otherwise 
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resembles  that  of  the  small  intestine :  and  it  is  bounded  below 
by  the  muscular**  mucosa*. 

The  arrangement  of  ganglia  and  nerve-fibres  in  the  large 
resembles  that  in  the  small  intestine. 

Glands. — The  glands  with  which  the  large  intestine  is  provided 
are  simple  tubular  glands,  or  glands  of  Lieberkuhn  ;  they  re- 
semble those  of  the  small  intestine,  but  are  somewhat  larger  and 
more  numerous,  and  contain  a  very  great  number  of  goblet  cells ; 
nodules  of  adenoid  or  h/mphoid  tissue  are  most  numerous  in  the 
ciecum  and  vermiform  appendix.  They  resemble  in  shape  and 
structure  the  solitary  glands  of  the  small  intestine.  Peyer's 
patches  are  not  found  in  the  large  intestine. 

Iteo-c&cal  Valve. — The  ilco-ciceal  valve  is  situated  at  the  place 
of  junction  of  the  small   with    the  large    intestine,  and  guards 
against  any  reflux  of  the  contents  of  the  latter  into  the  ileum. 
It    is    composed    of  two   semilunar  folds  of  mucous    membrane. 
i^ach  fold  is  formed  by  a  doubling  inwards  of  the  mucous  mem* 
ne,   and    is    strengthened    on    the    outside    by    some  of    the 
circular   muscular  fibres    of   the  intestine,   which    are  contained 
between  the  outer  surfaces  of  the  two  layers  of  which  each  fold 
composed,     While  the  circular  muscular  fibres,  however,  at  the 
junction  of   the  ileum  with    the    caecum  are  contained  between 
Xhe  outer  opposed    surfaces  of    the   folds  of    mucous   membrane 
which    form    the     valve,    the    longitudinal    muscular    hhres  and 
tin*    peritoneum    of    the    small  and    large  intestine  198] -it lively 
continuous  with  each  other,  without  dipping  in  to  follow  the 
circular  fibres    and    the    mucous   membrane.      In  this  manner, 
therefore,  the  folding  inwards  of  these  two  last-named  structures 
ia  preserved,  while  on  the  other  hand,  by  dividing  the  longitu- 
dinal   muscular   fibres  and   the   peritoneum,   the   valve  can   be 
made  to  disappear,  just  as  the  constrictions  between  the  saeculi 
the  large   intestine  can   be  made  to  disappear  by  performing 
imilar  operation.     The  inner  surface  of  the  folds  is  smooth  ; 
the  mucous  membrane  of  the  ileum  being  continuous  with  that 
of  the  caecum.     That  surface  of  each  fold  which  looks  towards 
the  small   intestine  is  covered  with  villi,  while  that  which  looks 
to   the   ea  <mn   has    none.      When  the  ciecum  is  distended,  the 
of  the  folds  are  stretched,  and  thus  are  brought  into  firm 
apposition  line  with  the  Other, 
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Tub  chief  chemical  compounds  or  proximate  principle*  to.  fori 
are: — 


1.  ProteirU 

2.  CarbohrdraU-* 

3.  Fata 

4.  Water. 

5.  Salts 


.  J- organic. 
*  J-  inorganic 


lii  milk  and  in  eggs,  which  form  the  exclusive  food-stun"*  d 
young  animals,  all  varieties  of  these  proximate  principles  at 
present  in  suitable  proportions.      Hen  are  spoken  of* 

perfect  foods.  Eggs,  though  a  perfect  food  for  the  developing 
bird,  contain  too  little  carbohydrate  for  a  mammal.  In  mat 
vegetable  foods  carbohydrates  are  in  excess,  while  in  miaul 
food,  like  meat,  the  proteids  are  predominant.  In  a  suitabk 
diet  these  should  be  mixed  in  proper  proportions,  which  mug 
vary  for  herbivorous  and  carnivorous  animals. 

A  healthy  and  suitable  diet  must  possess  the  following  cha- 
racters : — 

1.  It  must  contain  the  proper  amount  and  proportion  of  tin 
various  proximate  principles. 

2.  It  must  be  adapted  to  the  :  t<»  the  age  of  u> 
individual  and  to  the  amount  of  work  done  by  him. 

3.  The  food  must  contain  not  only  the  necessary  amounted 
proximate  principles,  but  these  must  be  present  in  a  digeeubfo 
form.  As  an  instance  of  this,  many  vegetables  (peas,  tail)*, 
lentils)  contain  even  more  proteid  than  beef  or  mutton,  but  v* 
not  so  nutritious,  as  they  are  less  digestible,  much  passing  of 
in  the  f tcces  unused. 

The  nutritive  value  of  a  diet  depend!  chiefly  on  the  amount 
of  carbon  and  nitrogen  it  contains.  A  man  doing  a  moderxt* 
amount  of  work  will  eliminate,  chiefly  from  the  lungs,  in  the 
form  of  carbonic  acid,  from  250  to  2 So  grammes  of  carbon  /*r 
ftovn.  During  the  same  time  he  will  eliminate,  chiefly  in  the 
torn)  of  urea  in  the  urine,  about  15  to  1S  grammes  of  nitrogen 
These  substances  are  derived  from  t&holim  of   the  tissue^ 

and  various  tonus  of  energy,  mechanksal  motaoa  b eat  being 


t 
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the  chief,  are  simultaneously  liberated.  During  muscular  exercise 
output  of  carbon  greatly  increases ;  the  increased  eacaxetmi 
of  nitrogen  is  not  nearly  so  marked.  Taking,  then,  the  state  of 
moderate  exercise,  it  is  necessary  that  the  waste  of  the  tissues 
ahould  be  replaced  by  fresh  materia]  in  the  form  of  food;  and  the 
proportion  of  carbou  to  nitrogen  should  be  the  same  as  tn  the 
excretions:  250  to  15,  or  166  to  1.  The  proportion  of  carbon 
to  nitrogen  in  proteid  is,  however,  53  to  15,  or  3*5  to  1.  The 
extra  supply  of  carbon  must  come  from  non-nitrogenous  food — 
tie.  fat  and  carbohydrate, 

Moleschott  given  the  following  daily  diet :- — 


Proteid 

Fat. 

Carbohydrate 


120  gnus. 

90       H 

333     » 


ike's  diet  closely  resembles  Moleachott's  ;  it  is — 


Protuid 

Put 

Curbohyilmtc 


icofrmiH. 
100     „ 
250 


Such   typical  diets  as  these  must  not  be  considered  us  more 

ui    rough    averages  of    what    is  ueces^arv    fur  ■   man    in    the 

of  the  day.     Aetna]  experience  ahowa  that  in  the  diets 

different  nations  thin-  are  considerable  variations  from  this 

indard    without    tin     production  of    ill   effects.       Agv,   find   the 

itnuii   of   work  done  alio  influence  the  amount  of  f < m M 1   ueees- 

;  growing  children,  for  instance,  require  a  relatively  rich 

thus,    milk,    the    diet  of    the   infant*    is   twice    as  rich    in 

iebteids,  and  half  as  rich  again   in   Eats,  at   the   norma]   diet 

ivon  above.     During  work  more  food  is  neceaaarjp  than  during 

net  hit  v. 
Kankc 'i   and    tfolescbott's    diet   just    given   are    bv   Ob    Eneani 

is  diets  .  most  English  people  take  more  proteif£     Prom 
imposition  of  the  nmre  commonly-used  foods,  *».  X.  Stewart 

that  500  jjrraiiiiues  of   bread  and  250  grammas   of   lean 
Lt    constitute    a    fair  quantity   fur    a    man    fit    for  hard    WOrk. 

ling  500  grammes  of  cnilk,  75  grammes  of  oatmeal  porrid 
30   grammes   <>f   butter,  and   450   jjrainnu.s  n{  potatoes,  ire 
approximately,   20  grammes  of  nitrogen   and   300  grammes  of 
carbon  contained  In  135  grammee  of  proteid,  97  grammee  of  fat, 
and  about  400  grammes  of  carbohydrate,     This  diet  is  thus  a 
more  liberal  nor  than  the  "adequate"  diets  just  given. 
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In  tabular  form  the  facts  just  given  may  be  more  suvcim-tb 
stated  : — 


Foodntuff. 


Quantity. 


l*sui  me; 
Bn.*<l    . 
Milk . 
Butter  . 
Fat  with 

meat 
Potatoes 
Oatmeal 


lit 


Metric 

Engtifb 

ftystem. 

weights. 

250  grammes 

goz. 

500        .. 

18  „ 

500 

J  pint 

30 

1  oz. 

30 

1  .. 

450 

16  ., 

75 

3  m 

Nitro- 
gen. 

Car- 
bon. 

teid*. 

F***-ilT<|lltW 

fete. 

8 
6 

3 
0 

33 
112 

35 
20 

55 

40 

20 

O 

85        0 

7*5    245 
20        25 
27          0 

4 

3> 

0*5 

0      1 

»"5  ! 
1-7  ! 

22 
47 
3o 

O 
IO 
IO 

30          0 

0        95 

4         4» 

0 

4-5 

2 

20-2        299    j     I35      97  413        21 


We  shall  have  to  return  to  the  composition  of  diets  again  in 
our  study  of  metabolism ;  and  now  we  will  proceed  to  consider 
the  principal  food-stuffs. 

Milk. 

Milk,  which  we  have  already  spoken  of  as  a  perfect  food,  ■ 
only  so  for  young  children.     For  those  who  are  older,  it  is  so 

voluminous  that  unpleas- 
antly large  quantities  of  it 
would  have  to  be  taken  ■ 
the  course  of  the  day  to 
ensure  the  proper  supplj 
of  nitrogen  and  carbon. 
Moreover,  it  is  relatively 
too  rich  in  proteid  and  fat 
It  also  contains  too  little 
iron  (Bunge):  hence  chil- 
dren weaned  late  become 
anaomic. 

The  microscope  reveals 
that  it  consists  of  two 
parts :  a  clear  fluid  and  a 
number  of  minute  particles 
that  float  in  it.  These  consist  of  minute  oil  globules,  varying  in 
diameter  from  0*0015  to  0*005  millimetre  (fig.  376). 

The  milk  secreted  during  the  first  few  days  of  lactation  is 
called  colostrum.     It  contains  very  little  caseinogen,    but  large 


Fig.  .>  70. —Globules  of  cow's  milk,     x  400. 
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quantities  of   globulin  instead.     Microscopically,  cells  from  the 
of    the   mammary    gland    are     seen,    which     contain    fat 
obules  in  their  interior  ;  they  are  called  eolffntrum  cfrrpuacleB. 
He  action    and   Specific    Gravity. — The   reaction   of  fresh 
tw's  milk  and  of  human  niilk  is  generally  neutral  or  slightly 
line.      In  carnivora  the  milk  is  acid.      All  milk  readily  turns 
Did  or  sour  as   the   result  of  fermentative  change,   part  of  its 
otose  being  transformed  into  lactic  acid.     The  specific  gravity  of 
ilk  is  usually  ascertained  with  the  hydrometer.     That  of  normal 
»w*s  milk  varies  from  1028  to  1034.      When  the  milk  i*  skimmed 
be  specific  gravity  rises,  owing  to  the  removal  of  the  light  con- 
jtuent,  the  fat,  to  1033    to    1037.      In  all  cases  the    specific 
ivity  of  water,   with  which  other  substances  arc  compared,  is 
i.ken  as  1000. 
Composition.  —  Frankland   gives    the   following    table,   coll- 
ating the  milk  of  women,  ass,  and  cow : — 


Woiimn , 


Proteid*  (chiefly  casemogen) . 
Batter  (fat)  .     . 

Lactose 

Salts 


p>  1  mbI  . 
27 
3*5 
5*o 

0'2 


Cow. 


For  cent. 
i"7 
13 
4"5 

Q'5 


fence,  in   feeding  infants  on  cow's  milk,  it  is  necessary  to  dilute 
and   add  sugar  to    make   it  approximately  equal    to  natural 
tiuman  milk. 

The  Proteids  of  Milk* — The  principal  proteid  in  milk  is 
tiled  caseinogen  ;  it  is  jtrecipitable  by  acids  like  acetic  acid,  and 
lso  like  globulins,  by  saturation  with  magnesium  sulphate,  or 
saturation  with  ammonium  sulphate ;  it  is  coagulated  by 
ennet  to  form  casein.  Cheeae  consists  of  casein  with  the 
ataugled  fat.  The  other  proteid  in  milk  is  an  albumin.  It 
present  in  small  quantities  only  ;  it  differs  in  some  of  ita 
aperties  (specific  rotation,  coagulation  temperature,  and  solu- 
bilities) from  serum-albumin  ;  it  is  called  iact-al Intuitu. 

The  Coagulation  of  Milk. — Rennet  is  the  agent  usually  em- 
ployed for  this  purpose :  it  is  a  ferment  secreted  by  the  stomach, 
specially  in  sucking  animals,  and  is  generally  obtained  from  the 
calf. 

The  ewrd  consists  of  the  casein  and  entangled  fat :  the  liquid 
residue  called  whep  contains  the  sugar,  salts,  and  albumin  of  the 
milk.  Tli ere  is  also  a  small  quantity  of  a  new  proteid  called 
whey-prottid^   which  differs  from    caseiuogen   by  not   being  con- 
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Terrible  Into  casein  ;  thu  m  produced  by  the  decompaction  <i!  th- 
caseinogen  molecule  daring  the  process  of  curdling. 

The  curd  formed  in  human  milk  is  more  finely  divided  tlisn  tta 
in  cowfs  milk  ;  and  it  is  more  digestible.      In  feeding  children  aid 
invalids  on  cow  s  milk,  the  lumpy  condition  of  the  curd  iii 
viated  by  the  addition  of  lime  water  or  barley  water  to  the  milk. 

The  addition  of  rennet  produces  coagulation  in  milk,  pftvrifad 
that  a  sufficient  amount  of  calcium  salts  is  present.    If  the  calami 
salts  are  precipitated  by  the  addition  of  potassium  oxalau 
causes  no  forma  tint  i  of  casein.    The  process  of  curdling 
clou  hi'  i  due  to  rem  i  i  cbeugt 

in  carcinogen  ;  the  second  a.  bat  of  the  caJch 

precipitates  the  altered  cas-  M-l  aletvol- 

ohun  neoeaaary  foi  on,  but    there  they  set  a 

a  different  imy,  namely,  in  the  prod 

■>8). 

Caseinogen  is  often  compered   to  alkali-albumin. 
however,  does  not  clot  with   rennet,   and   is,    unlike 
readily  soluble  in  acids*     Caseinogen  i«  not  a  globu! 
is,  like  globulins,  precipitated  by  neutral  salts.      It  differs  f rum i 
globulin  in  not  being  coagulated  by  heat.      It  is  a  nucleo-j 
that  is,  a  compound  of  a  proteid,  with   the  pmteid  like  but  \\\*» 
pbornfl  rioh  material  railed  nndm 

Tho  Pats  of  Milk. — The  cl  ion  of  thi 

milk  (butter)  is  very  like  that  of  adipose  tissue.  It  uimmh 
ohifiAyof  palmitin,  stearin,  and  olein.  There  are,  however,  smillff 
i juan tities  of  fats  derived  from  fatty  acids  Lower  in  the  sens, 
especially  butyriu  and  caproin.  The  relation  between  tbei 
vanes  somewhat,  but  the  proportion  is  roughly  as  follow* ;— 
Olein,  f;  palmitin,  \  ;  stearin,  £;  butyrin,  caproin,  tod 
caprylin,  ,\.  The  old  statement  that  each  fat  globule  is  wf- 
rou&ded  by  a  film  of  caseinogen  is  not  now  regarded  as  true  bt 
most  authorities.  Milk  also  contains  small  quantities  of  lecithia, 
a  phoephorised  fat  ;  of  choleeterin,  an  alcohol  which  resembles  fat 
in  its  solubilities,  and  a  yellow  fatty  pigment  or  lipochrome. 

Milk  Sugar,  or  Lactose. — This  is  a  saccharose  (C^HgOul 
\tH  properties  have  already  been  described  in  Chap,  XXV., 

Souring  of  Milk. — When  milk  is  allowed    to  stan 
change  which   it    is  apt  to  undergo  is  a  conversion  of  a  port  of 
its  lactose  into  lactic  acid,      This   is  due  to  the   action   of  micro- 
organistn&j  and  would    not   occur  it"  the   milk  were   « 
dosed   sterilised    vessels.       Equations    showing    the    change  po- 
diuvd    are    given    on    p.    377,      When    sourir 
formed  precipitates  a  portion  of  the  caseinogen.      This  n 
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confounded  with  the   formation  of  casein    from    maeuv 

duceil  by  rennet,     Then:   m  ,  huwovor,  some  bacterial 
growths  which  produce  true  coagulation  like  rennet. 

#  Alcoholic  Fermentation  in  Milk.— When  yeast  ii  added  to 
milk,  the  sugar  does  not  readily  undergo  the  alcoholic  fermeata- 
i     Other  somewhat  similar  fungoid  growths  am,  bowerosr,  able 
produce  the  changes,  as  in  the  preparation  oi  koumiss;  the  milk 
ir    is   first  inverted,  that  is  dextrose  and  gala  r«    formed 

froi  e  p.  377),  and  it  is  these  sugars  from  which  alcohol 

• ! "'iii«-  acid  originate. 
The  Salts  of  Milk. — The  chief  salt  present  is  calcium  phos- 
phate ;  a  small  quantity  of  magnesium  phosphate  is  also  present. 
The  other  salts  are  chiefly  chlorides  of  sodium  and  potassium. 


The  Mammary  Glands. 

The  mammary  glands  are  composed  oi  large  divisions  or  lobes,  and  these 
&re  again  Into  lobules  ;   the  lobules  are  composed  of   the  con- 

voluted and  dilated  subdivisions  of  the  main  ducts  held  together  by  con- 
nective-* issue.  Covering  the  general  surface  of  the  gland,  with  the  exception 
of  the  nipple,  is  a  considerable  qoantitj  of  fat,  itself  lohnlated  by  sheaths 
and  processes  of  areolar  tissue  (tig.  377)  connected  both  with  the  skin  in 
front  ami  the  gland  behind  ;  the  same  bond  of  QOnnectfon  extends  also 
from  the  under  surface  of  the  gland  to  the  sheathing  connective-tissue  of  the 
at  pectoral  muscle  mi  which  it  lies.  The  main  duets  of  the  gland,  fifteen 
» twenty  in  number,  called  the  tei'ti/rrtwit  ducts,  are  formed  by  the  union 
i  iilar)  duct-  a  by  small  separate  orifices  through 

nipple.     At  the  point*  of  junction  of  lobular  ducts  to  form  lactiferous 
dacta,  and  just   before  these  enter  the  base  of  the  nipple,  the  ducts  are 
and  during  t  he  1  tion  by  the  gland,  the  dilatations 

form  reservoirs  for  the  milk,  which  collects  in  and  msd ssJs  them.    The  walls 
I  he  gland-duet*  are  bran  d  of  areolar  with  some  nnstrlned  mnscoJar  tissue, 
and  are  lined  internal!}*  by  short  columnar  aud  near  the  nipple  by  flattened 
epithelium.     The  alveoli  consist  el  nt  membrane  of  Aattened  cells 

lined  by  low  columnar  epithelium. 

The  nipple  is  composed  of  .areolar  tissue,  and  contains  unstxiped  muscular 
fibres.  Blood-vessels  are  also  freely  sdrjpUpd  to  ft,  so  as  to  give  it  an  erectile 
structure.  On  its  surface  ore  very  sensitive  papillae ;  and  around  it  is  a 
small  area  or  areola  of  pink  or  dark-tinted  skin,  on  which  are  to  be  seen 
small  projections  formed  by  minute  secreting  glan 

Blood -vessels,   nerves,   and    Lymphatics   are  plentifully   supplied   to  the 
mammary  glands  ;  the  calibre  of  the  blood-vessels,  as  well  as  the  size  of  the 
glands,  varying  very  greatly  under  certain  conditions,  especially  those  of 
pregnancy  and  lactation.    The  secretory  nerves  of  the  mammary  glands  have 
yet  been  disco  ret 
The  alveoli  of  the  glands  during  the  secreting  (••  found  to  be 

lined  with  very  short  columnar  cells  with  nuclei  situated  towards  the  centre. 
The  edges  of  the  cells  towards  the  lumen  may  be  irregular  and  jagged,  and 
the  remainder  of  the  alveolus  is  tilled  up  with  the  materials  of  the  milk. 
During  the  intervals  between  the  acts  of  discharge,  the  cells  of  the  alveoli 
elongate  towards  the  lumen,  their  nuclei  divide,  and  in  the  part  of  the  cells 
towards  the  lumen  a  collection  of  oil  globules  and  of  other  materials  takes 
phi 

The  next  stage  is  thst  the  cells  divide  and  the  part  of  each  towards  tlie 


Tig.  377,— Direction  of  the  lower  half  of  the  female  mirnmi,  durinjr  the  psn4  4 
lactation  |.-In  \\\»  left-hand  side  of  the  directed  part  the  glandular  \*e>  m 
exposed  and  partially  unra  relied ;  and  on  the  right-hand  aide,  the  glandular  nitrfii 
haa  been  removed  to  abow  the  reticular  locuh  of  the  conaectmi  tianu  in  ene 
the  glandular  lobules  are  placed :  i,  upper  part  of  the  mamflla  or  nipple;  a,  uha 
of  fat;    4,  reticular  loculi   of  the 


nupport  the  glandular  Rubntasee  and  contain  the  fatty  i 


ferona  ducU  ahown  peering  toward*  the  mamilla  where  they  open ;  6,  one  of  tbeeaw 
lactei  or  reaenroini ;  7,  *ome  of  the  glandular  lubulea  which  have  been  unraniW . 
7',  other*  manned  together.    (Luachka.) 


Fig.  ^7  8— Section  of  mammary  gland  of  bitch,  ihowmg  a-  ini.  lined  with  epithelial  ccut  of 
a  short  columnar  form,     X  aoo.    (V.  D.  Hart 

salts,  and  milk  sugar.  The  fat p  Ice,  of  milk  are  not  dimply  picked  ont  from 
the  blood  by  the  secreting  cells,  but  these  materials  are  formed  by  mcubak 
processes  within  the  protoplasm  of  the  cells. 
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the  earlier  days  of  lactation,  epithelial  cells  only  partially  transformed 
mrged  tn  the  Monticm  \  these  are  tanned  eotodnm  eargmteiei*    It 

I  that  colostrum  possesses  a  purgative  action, 
ing  pregnancy  the  mammary  glands  undergo  changes  {evolution)  which 
are  readily  observable.  They  enlarge,  become  harder,  and  more  distinctly 
tabulated  :  the  veins  on  the  surfac*  become  move  prominent.  The  areola 
becomes  enlarged  and  dusky,  with  projecting  papilla?;  the  nipple  too  be- 
comea  more  prominent,  anil  milk  can  be  squeezed  from  the  orifices  of  tbfl 
ducts.  This  is  a  very  gradual  process,  which  commwtoei  about  the  time  of 
conception,  and  progresses  steadily  during  the  whole  period  of  gestation.  In 
Che  gland  itself  solid  columns  of  cells  bud  off  from  the  old  alveoli  to  form 
new  alveoli.  But  these  solid  columns  after  a  while  are  converted  into  tubes 
'  the  central  cells  becoming  fatty  and  being  discharged  as  the  colostrum 
cles  above  mentioned, 

the  end  of  lactation,  the  mamma  gradually  returns  to  its  original 
{involution).  The  acini,  in  the  early  stages  of  involution,  are  lined  with 
cells  in  all  degrees  of  variolation.  As  involution  proceeds  the  acini  diminish 
considerably  in  size,  and  at  length,  instead  of  a  mosaic  of  lining  epithelial 
cells  (twenty  to  thirty  in  each  acinus),  we  have  five  or  Bix  nuclei  (some  with 
no  surrounding  protoplasm)  lying  in  an  irregular  heap  within  the  acinus. 
During  the  later  stages  of  involution,  large  yellow  granular  cells  are  to  be  seen. 
Aa  the  acini  diminish  in  size,  the  connective-tissue  and  fatty  matter  between 
them  increase,  and  in  some  animala,  when  the  gland  is  completely  inactive  . 
it  is  found  to  consist  of  a  thin  film  of  glandular  tissue  overlying  a  thick 
lion  of  fat.  Many  of  the  products  of  waste  are  carried  off  by  the 
lymphatics, 

Eggfl, 

In  this  country  the  eggs  of  hens  and  ducks  are  those  particu- 
larly selected  as  food-stuffs.  The  chief  constituent  of  the  shell  is 
calcium  carbonate.  The  white,  is  composed  of  a  richly  albuminous 
fluid  enclosed  in  a  network  of  firmer  and  more  fibrous  material. 
The  amount  of  solids  is  13*3  percent,;  of  this  12*2  is  proteid 
in  nature  (egg-albumin,  with  smaller  quantities  of  egg-globulin, 
and  of  a  mucinoid  substance  culled  ovomucoid),  and  the  re- 
mainder Ls  made  up  of  sugar  {05  per  cent),  traces  of  fats, 
thin  and  cholestcriu,  and  o*6  per  cent,  of  inorganic  salts. 
The  yolk  is  rich  in  food  materials  for  the  development  of  the 
future  embryo.  In  it  there  are  two  varieties  of  yolk -spherules, 
one  kind  yellow  and  opaque  (due  to  admixture  with  fat  and  a 
yellow  lipochrome),  and  the  other  smaller,  transparent  and 
almost  colourless  ;  these  are  proteid  in  nature,  consisting  of 
the  uucleo-proteid  called  vittllin.  Small  quantities  of  sugar, 
lecithin,  choleateriu  and  inorganic  salts  are  also  present. 

The  nutritive  value  of  eggs  is  high,  as  they  are  so  readily 
digestible  ;  but  the  more  an  egg  is  cooked  the  more  insoluble  do 
its  proteid  constituents  become. 

Meat. 

lis  is  composed  of  the  muscular  and  connective  (including 
b)  tissues  of  certain  animals.      The  flesh  of  some  animals  is 
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ai  ton*  cases  this  as  a  mutter  of  fashion,  in  otherv 
ovisf  U>  sb  unpins— til  taste,  such  ss  the  flesh  of  canuvara  m 
■aid  u»  hare ;  sod  in  other  esse*  («^-  the  hone)  because  it  htum 
locraiave  to  u*e  the  ammal  ss  s  beast  of  burden. 

Meat  h  the  moat  concentrated  mod  most  easily  u*v 
of  nitrogenous  foods.  It  is  our  chief  source  of  nitrogen  lu 
chief  solid  constituent  is  proteid,  sod  the  principal  protatd  a 
myosin.  In  addition  to  the  extractives  and  salts  contains! 
id  muscle,  there  is  slwajs  a  certain  percentage  of  Cat,  tret 
though  all  risible  adipose  tissue  is  dissected  oft;  The  fat-celh 
are  placed  between  the  muscular  fibres,  and  the  amount  of  tat «. 
situated  rsries  in  different  animals  ;  it  is  particularly  abundua 
in  pork ;  hence  the  iodigestibtlity  of  this  form  of  flesh :  the  hi 
prevents  the  gastric  juice  from  obtaining  readr  access  * 
muscular  fibres. 

The  following  table  gives  the  chief  substances  in  sou. 
principal  meats  used  as  food  : — 


Oottatrtoentt.                   Ox. 

emit.        r%. 

ll  '.rv: 

743 
25*7 
216 

U 

10 

Water   .         .         .         .      767 

Solids        .                 .    .      233 
FroteidB  and  gelatin*    .      200 

r*at 15 

Carbohydrate                        06 
Salts         ....        n 

75©        726 

244        274 

194        199 

2*9         6-2 

08         0*6 

13          I'- 

¥awl 


202 

227 

4  1 


The  large  pi  particularlt 

noted  ;  if  a   man  ke    >»i.s    dailj     minimuuQ 

grammes   of   pmteid  entirely  in    the    form    a 

For  him   t..  consume  about  500   grammes  (».*.,  a  lath 
more  than  ilh.)  of  meat  per  diem. 

Flour. 

Th«  best  wheat  flour  is  made  from  the  interior  of  wheat  grains 
ontaina  the  greater  proportion  of  the  starch  of  the  grain  \ 

Bt  of  the  proteid.      Whole  tiuiir  is  made  from  the  whole  gymis 

mmus  ihe  husk,  and  thus  contains  not  only  the  white  in1 
asfO  t ho  harder  and  browner  outer  portion  of   th  This 

outer  region  contains  a  somewhat  larger  proportion  of  thepr 
of  the  grain.      Whole  Hour  contains  1  to  2  per  oent,  more  proteul 


•    11"  flesh  of  younp  animal*  is  richer  in  gelatin  than  that  of  old:  uta 
1 000  purls  of  beef  yield  6,  of  veal  50,  parts  of  gelatin. 
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than  the  best  white  flour,  but  it  has  the  disadvantage  of  being 
Ian  readily  digested.  Brown  flour  contains  a  certain  yunimfcqt 
bran  in  addition :  it  is  still  less  digestible,  but  is  useful  as  a 
mild  laxative,  the  insoluble  cellulose  nm-hauirally  irritating  the 
intestinal  canal  as  it  passes  along. 

The  best  flour  contains  very  little  sugar.  The  presence  of 
sugar  indicates  that  germination  has  commenced  in  the  grains. 
In  the  manufacture  of  malt  from  barley  this  is  purposely  allowed 
to  go  on. 

When  mixed  with  water,  wheat  Hour  forma  I  itifiky,  ftdbesfoti 
tnass  called  dough.  This  is  due  to  the  formation  of  gluten,  and 
the  forms  of  grain  poor  in  gluten  cannot  be  made  into  dough 
(oats,  rice,  Jfcc).  Gluten  docs  not  exist  in  the  flour  as  such,  but 
ia  formed  on  the  addition  of  water  from  the  pre-existing  globulins 
in  the  flour. 

The  following  table  contrasts  the  composition  of  some  of  the 
more  important  vegetable  foods  : — 


Wheat.  Barley. 

Oat*. 

Hie*. 

Lentil* , 

Pea* 

Potatoes 

Water 

IJ6        IJ8 

124 

IJI 

24I 

14  s 

760 

Proteid                    .    . 

12*4        111 

jo  4 

79 

237 

20 

Fat     .... 

l'4         2*2 

5*2 

o>9 

1'9 

16 

0*2 

Starch    . 

679       649 

STB 

76"5 

54'8 

49'3 

20'6 

Cellulose     . 

2*5        53 

1 1*2 

0-6 

r* 

7*5 

07 

1  Mineral  salts  .        .    . 

r8        27 

3-0 

1*0 

24 

3i 

1'0 

k 

- 

We  see  from  this  table — 

I.  The  great  quantity  of  starch  always  present 

S.  The  small  quantity  of  fat ;  that  hread  is  generally  eaten 
^ith  butter  is  a  popular  recognition  of  this  fact 

3.  Proteid,  except  in  potatoes,  is  pretty  abundant,  and  espe- 
cially so  in  the  pulses  (lentils,  peas,  &c).  The  proteid  in  the 
pulses  is  not  gluten,  but  consists  of  vitellin  and  globuliu-Hke 
substances. 

In  the  mineral  ma  Iters  in  vegetables,  salts  of  potassium  and 
magnesium  are,  as  a  rule,  more  abundant  than  those  of  sodium 
and  calcium. 

Bread. 

Bread  is  mad*  by  cooking  the  dough  of  wheat  flour  mixed 
with  yeast,  salt,  aud  flavouring  materials.  A  ferment  in  the  flour 
acts  at  the  commencement  of  the  process,  when  the  temperature 
is   kept  a  little  over   that  of  the  body,  and  forms  dextrin  and 

Q  Q  I 
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r^rar  frtci  the  starch,  and  then  the  alcoholic  fermentation,  doe 
v/tbe  *:tkc  of  the  yeast,  begin*.  The  babbles  of  carbonic  wad, 
b«rowir.2  :a«ag*&  through  the  bread,  make  it  light  and  spongy. 
Tlj>  er^'r.-I^  the  digestive  jnices  subsequently  to  soak  into  it 
re*/::] v  a:.-i  a3<=*t  all  parts  of  it.  In  the  later  stages,  viz.,  bring 
~a.k  :--^«eniture  L*  rai^eL  the  gas  and  alcohol  are  expelled  firm 
the  bread,  the  veaet  is  killed,  and  a  crust  forms  from  the  drying 
of  the  o  iter  portions  of  the  dough. 

White  bread  contains,  in  i  oo  parts,  7  to  1  o  of  proteid,  55  of 
carbohydrates  1  of  fat,  2  of  salts,  and  the  rest  water. 

Cooking  of  Food. 

The  o>  'kiug  of  foods  is  a  development  of  civilisation  and  sen* 
many  useful  ends  : — 

1.  It  destroys  all  parasites  and  danger  of  infection.  fl» 
relates  not  only  to  bacterial  growths,  but  also  to  larger  parufa, 
such  a*  tapeworms  and  trichina?. 

2.  In  the  case  of  vegetable  foods  it  breaks  up  the  stavdh 
grains,  bursting  the  cellulose  and  allowing  the  digestive  juicesto 
come  into  contact  with  the  granulose. 

3.  In  the  case  of  animal  foods  it  converts  the  insoluble ooflaga 
of  the  universally  distributed  connective  tissues  into  the  sohtii 
gelatin.  The  loosening  of  the  fibres  is  assisted  by  the  formata 
of  steam  between  them.  By  thus  loosening  the  binding  matcml 
the  more  important  elements  of  the  food,  such  as  muscular  fibra, 
are  rendered  accessible  to  the  gastric  and  other  juices.  Mat 
before  it  is  cooked  is  generally  kept  a  certain  length  of  time  to 
allow  r'ujor  mortis  to  pass  off. 

Of  the  two  chief  methods  of  cooking,  roasting  and  boiling  tat 
former  is  the  more  economical,  as  by  its  means  the  meat  is  fink 
surrounded  with  a  coat  of  coagulated  proteid  on  its  exterior 
which  keeps  in  the  juices  to  a  great  extent,  letting  little  ete 
escape  but  the  dripping  (fat).  Whereas  in  boiling,  unless  both 
bouillon  and  bouilli  are  used,  there  is  considerable  waste.  Cooking, 
especially  boiling,  renders  the  proteids  more  insoluble  than  they 
arc  in  the  raw  state;  but  this  is  counterbalanced  by  the  other 
advantages  that  cooking  possesses. 

In  making  beef  tea  and  similar  extracts  of  meat  it  is  necessary 
that  the  meat  should  be  placed  in  cold  water,  and  this  is  gradually 
and  carefully  warmed.  In  boiling  a  joint  it  is  usual  to  put  the 
meat  into  boiling  water  at  once,  so  that  the  outer  part  is  coagu- 
lated, and  the  loss  of  material  minimised. 

An    extremely  important   point   in    this    connection    if   that 
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beef  tea  and  similar  meat  extracts  should  not  be  regarded 
as  foods.  They  are  valuable  as  pleasant  stimulating  drinks 
for  invalids,  bat  they  contain  very  little  of  the  nutritive 
material  of  the  meat,  their  chief  constituents,  next  to  water, 
being  the  salts  and  extractives  (creatine,  creatinine,,  lactic  acid, 
<fcc.)  of  flesh. 

Soup  contains  the  extractives  of  meat,  a  small  proportion  of 
the  protcids,  and  the  principal  part  of  the  gelatin.  The  gelatin 
is  usually  increased  by  adding  bones  and  fibrous  tissue  to  the 
stock.  It  is  the  presence  of  this  substance  which  causes  the  soup 
when  cold  to  gelatinise. 

Accessories  to  Food. 

Among  these  must  be  placed  aicokol,  the  value  of  which  within 
moderate  limits  is  not  as  a  food  but  as  a  stimulant ;  mndinimU 
(mustard,     pepper,     ginger,     curry      powder,     Jtc.)      which     are 
stomachic  stimulants,  the  abuse  of  which  is  followed   by  dyspep- 
tic troubles;    inn  1   ftti  COCOO)  and  similar  drinks.     Tbttg 
are    stimulants    i  hietly    to    the     nervous    system  ;     tea,    coffee, 
mate  (Paraguay),  guarana    (Brazil)r  cola    nut    (Centra!    Africa), 
bush  tea  (South  Africa)  and  a  few  other  plants  used   in  various 
countries  all  owe  their  chief  property  to   an  alkaloid  called  thin*' 
Of   niflfUK    {i\  Hin  Si  OJ  ;  cocoa  to  the  closely  related  alkaloid, 
tkeohnjmint    ((.'-    H^  Nt  0a)  ;    coca   to    cocaine.       These   alkaloids 
arc    all   poisonous,    and    used    in    excess,  even   in   the  form  of  in- 
fusions of  tea  and  coffee,  produce  over-excitement,  loss  of  digestive 
power,    aud   other  disorders    well   known   to   physicians.      CntiW' 
differs  from  tea  in  being  rich  in  aromatic  matters  ;  tea  contains  a 
hitter  principle,  tannin  ;  to  avoid   the  injurious   solution  of  too 
much   tannin,  tea  should  only  be  allowed  to  infuse  (draw)  for  a 
few  minutes.     Cocoa  is  a  valuable  food  in  addition  to   its  stimu- 
lating properties ;  it   contains  about  50   pur  cent,  of  fat,  and  12 
per  cent,  of  proteid. 

Green  vegetables  are  taken  as  a  palatable  adjunct  to  other  foods, 
father  than  for  their  nutritive  properties.  Their  potassium  salts 
ure,  however,  abundant.  Cabbage,  turnips,  and  asparagui  contain 
80  to  92  water,  1  to  2  proteid,  2  to  4  carbohydrates,  and  r  to 
1  *5  cellulose  per  cent.  The  small  amount  of  nutriment  in  most 
green  foods  accounts  for  the  large  meals  made  by,  and  the  vast 
capacity  of  the  alimentary  canal  of,  herbivorous  animals. 
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CHAPTER     XXLX. 

SECRETING    GLAXD6. 

;  od  to  tike  action  of  the  digestive  secretions  m 
foods,  it  will  be  veil  to  discuss  some  of  the  general  aspects  of  the 
question,  and  the  varieties  of  glands  by  means  of  which  ttai 
sohstances  are  formed. 

It  is  the  function  of  gland  cells  to  produce  >  Mtm 

of  their  protoplasm  certain  substances  called  seer 
materials  are  of  two  kinds;  viz.,  those  which  are  employed 
the  purpose  of  serving  some  ulterior  office  in  the  eeou 
those  which  are  discharged  from  the  body  as  useless  or  injuno* 
In  the  former  case  the  separated  materials  are  termed  Kcntou, 
in  the  latter  they  are  termed  txcrttion*. 

ile,  consist  of  substances  which  done*  pre- 
exist in  the  same  form  in  the  blood,  but  require  special  cells  tai 
a  process  of  elaboration  for  their  formation,  *.«/.♦  the  liver  celkkt 
the  formation  of  bile,  the  mammary  gland-cells  for  the  fonnitBi 
of  milk.  The  excretions,  on  the  other  hand,  commonly  cousht  4 
substances  which  exist  ready-formed  in  the  blood,  and  are  mariy 

tracted  therefrom.  If  from  any  cause,  such  as  extend* 
disease  or  extirpation  of  an  excretory  organ,  the  separation  d  a 
excretion  is  prevented,  and  an  accumulation  of  it  in  the  bknd 
ensues,  it  frequently  escapes  through  other  organs,  and  ma?  I* 
detected  in  various  fluids  of  the  body.  An  instance  of  this  is  m 
after  the  kidneys  have  been  removed.  I'rea  then  accumulate!  a 
the  blood.  But  this  is  never  the  ease  with  secretions;  fordW 
the  removal  of  the  special  organ  by  which  each  of  them  is  imo* 
lacturedj  the  secretion  is  no  longer  formed. 

The  eircn  instances  of  their  formation,  aud    their  final  dtttifa- 
lion,  are,  however,  the  only  particulars   in   which  secretions  and 
excretions  can  lie  distinguished  ;  for,  in  general,  the  stnicr 
the  parts  ongaged  in  eliminating  excretions  is  as  complex  a?  that 
of  the  parts  concerned  in  the  formation  of  seer-  And  sine* 

the  differences  of  the  two  processes  of  separation,  corresponding 
with  those  in  the  several  purposes  and  destiiuu  the  ftui<k 

arc  not  yel  ascertained,  it  will  be  sufficient   to  speak  in  general 
terms  i if  the  process, 

Kvery   Becretrag   apparatus   consists  essentially  of  a  layer  of 

reting  cells  arranged  round  a  central  cavity  take  frota 

the  lymph  which  bathes  them  the  necessary  material  and  rraav 
form  it  into  the  secretion  which  they  pour  into  the  can 
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l  principal  Be  as  are  the   following  : — -(i)   the 

>hh  an«l  syncmaJ  membranes ;  (2)  the  mtioous  membranes  with 
r  special  glands,  ^v ,  the  buccal  and  intaatma]  glands ; 

\)  the  s.il  nd  pancreas ;  (4)  the  mainmary  glands  j 

)  the  liver;  (6)  the  lacrimal  gland  ;  (7)  tin-  kidney  and  akin  ; 

Serous  membranes.- -We  have  already  discussed  the  struc- 
>  membranes  (p,  196),  and  also  the  question  whether 
lymph  is  a  true  secretion  (pp.  310 — 31 


Qo 


Section  of  Fmovial  membrane.    *,  cplfhriinl  ew^rin^  of  th<  f  tho 

m«n>»T»n»' ;  *,  underlying  tissue  containing  fat  ami  btoodrT«»el»;  <\  Upiuiaiit  UMtuipd 
by  the  njiurrml  membmm  ,     [Ofcdiftt. 

The  synovial  membranes  line  the  joints  and  the  sheaths  of 
Mods  and  ligament  with  which  we  may  include  the  synovial 
intents  of  these  sues  la  called' synovid;  it  lubricates 
mrfaceS  of  the  joint  and  so  ensures  an  easy  movement. 
otw  is  \  rich  lymph  //">  a  muomoid  material;  and  it  is  this 
latter  constituent  which  gives  the  secretion  its  viscidity.  It  is 
Hm  a  tnu  secretion  ;  add  is  formed  by  the  epithelial  cells  which 
form  an  imperfect  lining  to  the  sac,  and  which  are  especially  accu- 
mulated on  the  processes  of  the  synovial  fringes  (fig-  379)- 

A  mucous  membrane  consists  of  two  parts;  the  epithelium 
its  surface,  and  the  t&riwft  of  connective  tissue  beneath.     The 
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epithelium   generally  rests  on   a   basement  membrane  which  ia 
u-*al!y  eoiapTaed  of  clear  flattened  cells  placed  edge  to  edge. 

The  \&xu<:  mwrAM  U  derived  from  the  fact  that  these  membra** 
all  -secrete  mvrin,  the  chief  constituent  of  mucus;  this  ma?  he 
formed  from  the  surface  epithelium  cells  breaking  down  into 
goblet  cells  <«*ec  p.  29),  or  an  analogous  process  may  occur  in 
the  cells  of  little  glands  called  mucous  glands,  situated  more  or 
lev*  deeply  under  the  epithelium,  and  opening  on  the  surface  by 
duct-.  Many  mucous  membranes  (e.g.,  that  of  the  stomach)  form 
other  secretions  as  well. 

Mxicon*  mtmbrants  line  all  those  passages  by  which  internal 
parts  communicate  with  the  exterior,  and  by  which  either  niattm 
are  eliminated  from  the  body  or  foreign  substances  taken  into 
it.  The  principal  tracts  are  Gastro-pulmonary  and  Gtnito-uriwirj; 
the  former  is  sub-divided  into  the  Digestive  and  Bt*jnmtory 
tracts. 

Secreting  glands  may  l>e  classified  according  to  certaiu  types 
which  are  the  following  : — 1.  The  simple  tubular  gland  (a,  fig.  380). 
examples  of  which  are  furnished  by  the  crypts  of  Lieberkub, 
in  the  intestinal  wall.  They  are  simple  tubular  depressions  of 
the  mucous  membrane,  the  wall  of  which  is  formed  of  a  basement 
membrane  and  is  lined  with  secreting  cells  arranged  as  u 
epithelium.  To  the  same  class  may  be  referred  the  elongated 
and  tortuous  sudoriferous  glands. 

2.  The  compound  tubular  glands  (d,  fig.  380)  form  another 
division.  These  consist  of  main  gland-tubes,  which  divide  and 
sub-divide.  Each  gland  may  be  made  up  of  the  subdivisions  of 
one  or  more  main  tubes.  The  ultimate  subdivisions  of  the  tuhei 
are  generally  highly  convoluted.  They  are  formed  of  a  basement- 
membrane,  lined  by  epithelium  of  various  forms.  The  larger 
tubes  may  have  an  outside  coating  of  fibrous,  areolar,  or 
muscular  tissue.  The  kidneys  and  testes  are  examples  of  this 
type. 

3.  The  niamost  glands  arc  those  in  which  a  number  of  vesicles 
or  acini  are  arranged  in  groups  or  lobules  (c,  fig.  380).  The  J/ctto- 
iui*ui  f»f licit  *  are  examples  of  this  kind  of  gland.  Some  glands  like 
the  pancreas  are  <»f  a  mixed  character,  combining  some  of  the  cha- 
racters of  the  tubular  with  others  of  the  racemose  type  ;  these  are 
called  tu huh*  nice  !,«>.«  or  tutado-<iciuous  glands.  These  glauds  differ 
from  each  other  only  in  secondary  joints  of  structure,  but  all  have 
the  j«ii in e  ev»ential  character  in  consisting  of  rounded  groups  of 
ncmcIcs  containing  gland-celhs  and  opening  by  a  common  central 
cavitv  into  minute  ductN  which  ducts  in  the  large  glands  con- 
vene juul   unite  to  form   larger  and  larger  tubes,  and  at  length 
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open  by  one  common  trunk  on  a  free  surface.  The  larger 
racemose  glands  like  the  salivary  glands  are  called  compound  race- 
mose  glands.     On  internal  secretions,  see  p.  313. 


?Tg.  380.-— Diagram  of  types  of  secreting  gland*,  a,  simple  glands,  viz.,  g%  straight  tube ; 
A,  sac;  t,  coiled  tube,  b,  multilobular  crypts;  Jfe,  of  tubular  form;  I,  saccular, 
c,  racemose,  or  saccular  compound  gland ;  m,  entire  gland,  showing  branched  duct 
and  lobular  structure ;  n,  a  lobule,  detached  with  o,  branch  of  duct  proceeding  from 
ft.    d,  compound  tubular  gland.    (Sharpey.) 


rCEOT 


I  ]| AFTER     \>: 

VA. 

The  saliva  m  formed  by  three  paitn  of  Balivary  glands,  eiM 
the  parotid,  submaxillary,  and  sublingual  glors 

The  Salivary    Glands. 

Thaw  are  typical  secreting  glands.  They  are  pn 
Jo&tifef  united  by  connective  tissue.  Each  lobule  U 
group  of  uibulo-saocular  a  i*%    Bran    which  a  dud 

passes;  this  unites  with  cither  duct*  to  form  larger  and  iarg 
the  main  duct  opening  into  the  mouth. 

Each  alveolus  is  surrounded  by  ■    plexus  of  capillaries;  tif 


FJ|f„  j 81.— From  a  lection  thrnuph  n  salivary  pi  rial,    a,  mom  or  Btbasafa  n 
A,  intmlob':.  id  Noble  8m 

lymph   which   exudes   from   these  is  in  direct  contact  with  \k 
basement  membrane  that  encloses  the  alveolus.      The  haemal  j 
membrane  is  lined  hy  secreting  cells  which   surround  the 
cavity  or   lumen*     The    basement  membrane  is  thin    tu  maaj 
p]aoes   to  allow  the  lymph   more  ready  access   I  crotaai 

oeUi ;  ill  is  continued  along  ihe  ducts. 

The  secreting  epithelium  is  composed  of  a  layer  of  polyheM 

otUa 

The  opilhelttnn  of  the  ducts  is  columnar  y*sm 

u  alveolus  where  il  ued.     The  columnar  epithelium 

cells  of   the  ducts  exhibit  in   their  outer  part 

;S  1 )  ;  the  inner  /one  of  each  cell  is  made  of  granular  protoplasm. 
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it  largest  duets  have  a  wall  of  connective  tissue  outside  the 
Bement-membnuie,  and  a  few  unstriated  muscular  fibres. 
The   secreting    cells   differ   aeeording  to  the  substance  they 
ete.      In  alveoli  that  secrete  mucin  (such  as  those  in  the  dog's 


ft.        _ 


3**.— Section  of  tcub-tn&xilltiry  gland  of  dog.   Snowing  gland-cella,  ft,  and  a  duct,  «,  h, 
in  taction.    ( KOI  Ilk- 1. 

ubmaxillary.  and  some  of  the  alveoli  in  the  human  submaxillary), 
:ie    cell*   after  treatment    with    water  or  alcohol    are  clear   and 


Section  through  *  tnncow  gland  hardrtH-1  "»  fcioofcol.    Tliu  alveoli  mv  lined 
with  hnnKpiH^Tit  enncous  cells,  and  nutaidt?  tlroe  an*  the  demiluiuw.    (Heidenhain.) 

swollen  (flg.  383) ;  this  »  the  appearance  tbey  usually  present  in 
sections  of  the  organ.  But  if  examined  in  their  natural  state  by 
teasing  a  portion  nf  the  fresh  gland  in  serum,  they  are  seen  to  be 
occupied  by  Large  granules  composed  of  a  substance  known  as 
mufi'jtn  or  mucinogm*  When  the  gland  ill  active,  mueigeu  is 
transformed  into  mucin  and  discharged  as  a  clear  droplet  Of  that 
substance  into  the  lumen  of  the  alveolus.     Outside  these  arc 


Ifejfe 


-Alveoli  of  parotid  gland.  A,  before  i 
C,  after  prolonged  i 


albuminous  nature.  Such  alveoli  are  called  serou*  or  albtmimw, 
bo  distinguish  them  from  the  mucotts  alveoli  we  have  just  d*- 
scribed. 

These    yield    to    the    secretion     its    ferment,     ptyatitu 
granular  substance  within   the  cell   is  the  moth 
the  ferment  (tymogm),  not  the  ferment  iUelf.      h    i 
into  the  ferment  in  the  act  of  secretion.      V  I    study  tin 

question  of  zymogens  more   fully  in  connection  with   the  gastric 
glands  and   the  pane  reus   where  they  have  been  separated  from 
ermenta  by  chemical  methods.     In  the  case  of  saliva  we  may 
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tin-   froflMlj  SjtyafsMftWM    provisionally,   bet  it   has   never 
satisfactorily  separated  chemically  from  ntyalin. 
r  srrri  tion,  t\\w  t<>  the  administratics)  of  food   or  of  such  a 
rug  as  pilocarpine,  the  cells  shrink,  tlnv  stein  mora  readily,  their 
lei  become  more  conspicuous,  ami    the  outer  pari   of   each  cell 
becomes  clear  and  free  from  granules  (fig.  385). 


The  Secretory  Nerves  of  Salivary  Glands. 

The  nerve-fibres  which  are  derived  from  cranial  and  sym- 
pathetic nerves  minify  between  the  gland  cells,  but  have  never 
actually  been  traced  into  them. 

These  nerves  control  anil  regulate  the  secretion  of  saliva. 

The  general  truth  ooneerning  the  existence  of  secretory  nerves, 

have  already  become  acquainted  with  (p.  r  6 1 ).  The  subject  has 
been  worked  out  most  thoroughly  in  connection  with  the  salh 
glands,   particularly  the  submaxillary  gland   in   dog,  rabbit,  Jtc, 
which  we  will  take  first. 

The  Submaxillary  and  Sublingual  Glands. — These  glands 
receive  two  sets  of  nerve-fibres  ;  namely,  from  the  chorda  tympam 
and  the  sympathetic 

The  chorda  tympami  is  given  oil  from  the  seventh  emu*]  nerve 
in  the  region  of  the  tympanum.*  After  quitting  the  temporal 
bone    it    pusses  downwards    and    forwards,   and    joins   the   lingual 

nerve,  with  which  it  is  bound  up  for  a  short  distance*   0»  leaving 

the  Ungual  nerve  it  traverses  the  wfttrnixil fery ffangticm  .  it  then 
runs  parallel  to  the  duct  of  the  gland,  gives  off  a  branch  to  the 
sublingual  -I. ml,  and  others  to  the  tongue,  The  main  nerve 
enters   the   hi  his  of  the  submaxillary  gland,  w  here  it  traverses  a 

ood  ganglion  concealed  within  the  substance  of  the  gland,  and 
which  may  be  called  after  its  discoverer,  /wW'//<  geHKgKtm* 

The  wympatketic  branches  to  these  two  glands  are  derived  from 
the  plexus  around  the  facta]  artery,  and  accompany  the  arteries 
which  supply  the  glands. 

of  the  nerves  produces  no  immediate  result  ;  but  after 
a  few  days  an  abundant  secretion  of  thin  watery  saliva  takes 
place  ;  this  is  called  ji<tr<tf*/t«  *tvrrhuny  and  is  produced  either  by 
the  activity  of  the  load  nervous  mechanism,  which  is  then 
uncontrolled  by  impulses  from  the  central  nervous  system  ;  Off 
else,  it  is  a  degenerative  effect  analogous  to  the  fibrillar  eontrae 


1 


*  Though  the  chorda  tympani  is  usually  spoken  uf  as  a  branch  of  the 
seventh  4  >r  facial  nerve,  it  w  probable  that  its  tibre-n  are  derived  from  the 
gloaso-pharyngeai,  which  communicates  with  the  facial  in  the  tympanum. 
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lion*  whieh  occur  in  degenerating  muscles  alter  severance  of  tbar 
nerves.  If  the  operation  m  performed  011  one  aide,  the  tUads 
of  the  opposite  alao  show  a  similar  co«i«Jin  dm 

secreted  then  ioBb 

datum   of   the   peripheral    end    of     1  ctonk 

tympani    produces   an    abundant    sect  which  n 

accompanied  by  va-  ;on  (see  p.  301). 

dation  of  the  peripheral  end  attack 

causes  a  scanty  secretion  of  thick  viscid  saliva,  accompanied  b? 
vaflo-eonstrHtiMii. 

The  abundant  seereti  ra,  which  follow 

the  chorda  tyinpani,  is  not  osiilt  of  a  h  flnid 

from  the  blood-  \  oaequence  of  th*  r>mvi 

ulation  through  them.     This  b  proved  by  the  :  *ba» 

main  duct  i*  obstructed,  the  pressure  w 
ably  exceed  the  blood  pressure  in  th 
into  the  veins  of  the  animal  experimented  upon,  so; 
been  previously  injected,  stimulation  of  the 
divided  chorda  produces  all  the  vasculai 
any  secretion  of  saliva 

head  is  cut  off,  and  the  ch  \  posed  . 

with  an   interrupted  1  a   secretion  of  saliva 

short     time,    although    the     blood     How     is     u 
These  experiments  serve  to  prove  that  the  choi 
sets  of  nerve  fibres,  one  set  (va$CHUlatator)  which,  when  stiik'j 

the  vessels  to  dilate;  while  another  set,  whid 
paralysed  by  atropine,  directly  stimulate   the    cells  thci 

tivity,  whereby  they  secrete  and  discharge   the   c 
the  saliva  which   they   produce.     On   the  other  hand, 
pathetic     fibres     are    also    of     two     kinds,    vaso-con stricter   and 
secretory,    the  latter  being  paralysed   by   atropine.      The  chord* 
tympani  nerve  is,  however,  the   principal    nerve    through 
efferent   impulses   proceed   from  the  central  nervous   system  to 
excite  the  secretion  of  these  glands. 

The  function  of  the  ganglia  has  been   made  out  by  Lang] 
the  nicotine  method  (see  p.  295).      At  one  tinio  the   submaA 
ganglion   was  supposed   to   be  the  seat   of   reflex   action  for  the 
secretion.      This,  however,  is  not  the  case.      The  ganglia  an 
station.*    on   the   course   of   the  fibres    fco   the    subtnaxHlary  mi 


*  The  at  ml  en  I  should  not  fall  into  the  error  of  supposing  that   the  stilts 
Li  normally  such  high  pressure.     If  il 

spurt  from  the  salivary  duct  with  greater  force  than  tlie  b!o«Ki  would  sfioit 
From  the  arteries  when  they  arc  cut.    The  hijrh  pressure  alln! 
text  only  occurs  when  the  duct  is  obstructed. 
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sublingual  glands.     Nicotine  applied   W;dly   hit  the  power  of 

paralyHiiiL.'  nerve-oelJfl,  but  n> »t  ncrve-libre*.  If  the  submaxillary 
gaimlinii  is  painted  with  nicotine,  and  the  nerve  stimulated  on  the 
ccutral  side  of  the  ganglion,  secretion  from  the  submaxillary 
gland  continues,  hut  that  from  the  sublingual  gland  comoii.  The 
paralysed  nerve-cells  in  the  ganglion  act  as  blocks  to  the  propaga- 

11  of  the  impulse,  not  to  the  submaxillary,  but  to  the  sublingual 
gland.  The  cell  station  for  the  submaxillary  fibres  is  in  Laurie  \s 
ganglion. 

Parotid  Gland*— This  gland  also  receives  two  seta  of  nerve- 


Diagrammatic  representation  of  the  submaxillary  gland  of  the  dog  with  it* 
nerves  and  blood-vessels.  (This  is  Dot  intended  to  illustrate  the  exact  anatomical 
relations  of  the  several  structures.)  m.  sftf.,  fee  *ubraoxillary  gland  into  tbi 
Uw*.  a\)  of  which  a  cannula  lias  been  tied.  The  sublingual  gland  mid  duct  iiiid 
Langlcy's  ganglion  Are  not  shown,  n.  f„  ».  I/,  the  Lingua!  or  gustatory  nerve, 
eA.  r.t  eft.  I/J  the  chorda  tympani   proceeding  from  the  facial  nerve,  becoming  eon- 

wttfa  0M  lingual  at  n.!,\  and  afterward*  diverging  and  pausing  to  the  gland 
•long  the  duct;  **».  ??.,  submaxillary  ganglion  with  its  roots;  «.  /.,  the  In 
nerve  proceeding  to  the  tongue;  a.  ™r.tthe  carotid  artery,  two  branches  of  which, 
a.  mm.  a.  and  r.  m.  p.  pais  to  the  anterior  and  posterior  parts  of  the  gland 
anterior  and  posterior  veins  from  the  gland  ending  in  r ./.,  the  jugular  vein  ;  v.  *«»,. 
the  conjoined  vagus  and  sympathetic  trunk  §  ;  gl.fr,  t..  the  superioiveerrical  gnngli«.n, 
two  branches  of  which  forming  a  plexus,  a.  /„  over  the  facial  artviv  are  distrfbut*  «t 
fa.  *ym,  *m>)  along  the  two  glandular  arteries  to  the  anterior  and  1  nm  ,  .j 

the  gland.    The  arrows  indicate  the  direction  taken  by  <  rapul* 

stimulation*  of  the  gland  they  ascend  to  the  bram  by  the  lingual  a 

honlu  tympani.     {M.  Foster.) 


uialogous  to  those  we  have  studied  in  connection  with  the 
lubmaxillar^  gland.  The  principal  eeoretorj  nerve-rihres  are 
glossopharyngeal  in  origin  ;  the  sympathetic  is  mainly  vaso- 
DODStlictQC,  but  in  some  animals  does  contain  a  few  secretory 
fibres  also. 
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When  secretory  nerves  are   stirnulat 
secretion  leading  to  a  diminution  of  the  granules  in  the  cdk 
The  accompanying  vascular  condition   determines  the  qoaautj  of 
*aliva    seer  Seetrical    changes    also     at  company   tecttturt 

activity.      A  rise  of  temperature  is  stated   by  some  to  occur,  fort 
tse  it  is  \  MOM  obserron  ban 

not  been  able  to  detect  it. 

Reflex  Secretion, — Under  ordinary 
tion  of  saliva  is  a  reflex  action.  The  principal  afferent  nerves  Art 
those  of  taste;  but  the  smell,  or  sight  of  food  will  also  cause  wtk 
mouth  to  water;"  and  under  certain  cm-i instances,  as  before 
vomiting,  irritation  of  the  stomach  has  a  similar  effect  H10* 
v  nerves  stimulate  a  centre  in  the  medulla  from  void* 
efferent  secretory  impulses  are  reflected  along  the  secxetoTy  ntrri* 
la  tympani,  etc.)  to  the  glai 

Extirpation    of    the    Salivary    Glands. — These    m 
removed  without  any  harmful  effects  in  tbe  lower  animals. 

The  Saliva. 

The  saliva  is  the  first  digestive  jui  >me  in  <• 

the  food.  The  secretions  from  the  different  salivary  glands  dhtrr 
somewhat  in  composition,  but  they  are  mixed  in  the  mouth:  ttV 
hi  <>f  the  minute  mftOOUfl  glands  of  fin  mouth  and  a  een*a 
number  of  epithelial  cells  and  ddbrii  are  added  to  it.  Ta*» 
called  'salivary  corpuscles '  are  derived  from  the  glands  thrtu 
selves  or  Prom  fetal  tonsils. 

On  microscopic  examination  of  mixed  saliva  a  few  epithelial 
Boaiefl  from  the  mouth  and  salivary  ooipuselea  from  the  salhuj 
glands  are  seen.  The  liquid  is  transparent^  slightly  opalescent, 
of  slimy  consistency,  and  may  contain  lumps  of  near! 
mucin.  On  standing  it  becomes  cloudy  owing  to  the  preen 
of  calcium  carbonate,  the  carr»onic  acid,  whioh  held  it  in  solum 
M  bicarbonate,  escaping. 

of  the  three  forms  of  saliva  which   < on  tribute  to  the  iniitoi* 
found  in  the  niouth   the  sublingual   is   richest  in  solids  (2 
cent).     The  submaxillary  saliva  comes  next  (2*1   to  2*5  percent) 
When  artificially  obtained  by  stimulation  of  nerves  in  the  dog  the 
saliva  obtained   by  stimulation  of  the  sympathetic   \- 
solids  than   that  obtained  by  stimulation  of  the  chorda  tympani 
The  parotid  saliva  is  poorest  in  total  solids  (0*3  to  0*5  per 
and  contains  no  mucin.     Mixed  saliva  contains  in  man  an  avera^r 
of  about  0*5  per  cent*  of  solids:  it  is  alkaline  in  reaction,  doe  to 
the  salts  in  it ;  and  has  a  specific  gravity  of  1,002  to  1,006. 
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The  solid  constituents  dissolved  in  saliva  maybe  classified  thus: 

/  a.  Mucin  :  this  may  be  precipiuued  by  acetic  acid. 
.         .  '  ''■  Ptyaliu  :  au  wnyioJytic  fermeat 

urraiuc      .        (    proteiti  :  of  the  nature  of  ft  tubulin. 

1  r/.  Potassium  solphncyanide. 

I  r    SihIiiliu  chloride  :  the  most  abundant  salt. 
Inorganic,    'ft  Other  sail*:    sodium    carbonate,  calcium    phosphate  and 
bonatc  :  magnesium  phosphate;  potassium  chloride. 

The  action  of  saliva  is  twofold,  physical  and  chemical. 

The  physical  use  of  saliva  Qoumtl  in  moistening  the  mucous 
membrane  of  the  mouth,  assisting  the  solution  of  soluble  sub- 
stances in  the  food,  and  in  virtue  of  its  mucin,  lubricating  the 
buhls  of  food  to  facilitate  BW&llowiDg. 

The  chemical  action  of  saliva  is  due  to  its  active  principle, 
ptyaliu.  This  subs  tan  ee  belongs  to  the  class  of  unorganised 
ferments,  and  to  that  special  class  of  unorganised  ferments  which 
are  called  amylolytic  (starch  splitting)  or  diastatic  (resembling 
diastase,  the  similar  ferment  in  germinating  barley  and  other 
grains). 

The  starch  is  first  split  into  dextrin  and  maltose  ;  the  dextrin 
is  subsequently  converted  into  maltose  also:  this  occurs  more 
quickly  with  crythro-dcxtiin,  which  gives  a  red  colour  with 
iodine,  than  with  the  other  variety  of  dextrin  called  achroo-dextrin, 
vJuch  gives  no  colour  with  iodine,  Hrown  and  Morris  give  the 
folio wiug  equation  : — 

^(C6H1A)n  +  4"H,0 

I  sLarrlil  (tt-nLfiJ 

=  4»<  ',  JU>„  +  <<  '-.H.AJn  +  (U6HI0Os)n 

(maltosej        [ftcbroi>-<!ijxTrlu]      [nrytbm-dextriiij 

I 'i yaliu  acts  in  a  similar  way,  but  more  slowly  on  glycogen  :  it 
has  no  action  on  cellulose  ;  hence  it  ta  inoperative  on  uncooked 
March  grains,  for  in  them  the  cellulose  layers  arc  intact .. 

Ptyaliu  acts  best  at  about  the  temperature  of  the  body  (35- 
40 J  C).  It  acts  best  in  a  neutral  medium  ;  a  small  amount  of 
alkali  makes  but  little  difference  ;  a  very  small  amount  of  acid 
stops  its  activity.  The  conversion  of  starch  into  sugar  by  saliva 
in  the  stomach  continues  for  a  short  time  {15  to  30  minutes).  It 
then  ceases  owing  to  the  hydrochloric  acid  secreted  by  the  glands 
nf  the  stiaiiach.  The  acid  which  is  first  poured  out  neutralises 
the  saliva,  and  combines  with  tbe  proteida  of  the  food,  but  when 
free  a<  id  appears  jityalin  is  destroyed,  and  so  it  cannot  resume 
work  when  the  add  is  neutralised  in  the  duodenum.  Another 
amylolytic  ferment  contained  in  pancreatic  juice  (to  be  considered 
later),  boweveT,  digests  starch  in  the  intestine. 
k.f.  n  u 
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D  juice  secreted  by  the  glands  in  the  mucous  membra*  of 
the  stomach  varies  in  composition  in  the  difterc 
mixed  pwtric  juice,  us  it  may  be  termed,  ia   *  Bohltioi)  of  a 
lytic  ferment  called  pepttn  in  a  saline  soluti  j<h1m> 

*  little  free  hydrochloric  a< 

The  gastric  juice  Hfe  of  an 

bj  means  of  a  g<  il.i.*      Gastric  fistula?   have  alun  hm 

made  in  human  1  icings*  either  by  accidental  injury  or  hy  &ngd 

us.     The   most   celebrated    ease    is    that   of  A. 
Martin,  ■  young  Canadian,  who   received  a  musket   worn 
abdomen  to  1*22.     Observations  made  on  hitu  by  l>r.  Hnnni 
formed  the  starting-point  for  our  correct  knowledge  of  th 
logy  of  the  stomach  and  its  secretion. 

ske  artificial  gastric  juice  by  mixing  weak  kpb* 
chloric  acid  (0*2    per  cent.)   with   the  glycerine  axtnd 
stomach  of  a  recently-killed  animal.      This  artificial  y 
like  the  normal  juice. 

Two  kinds  of  glands  are  distinguished  in  the  stomach,  tMA 
differ  from  each  other  in  their  position,  in  the  character  of  tier 
epithelium,  and  in  their  secretion.  Their  structure  will  bfflrai 
described  on  pp.  430,  431.  We  may,  however,  repeat 
cardiac  glands  are  those  situated  in  the  cardiac  part  of  tb 
Stomach  :  their  dui  -hurt,  their  tubuh 

The  latter  are  tilled  with  polyhedral  cells,  only  a  small  luma 
being  left \  they  are  more  coarsely  granular  than  the  corresponda; 
cells  in  the  pyloric  glands.     They  ai  i  princijml  or  cmtof 

oellsp      Between  them  ami  the  basement  membrane  of  tli 
Are  other  cells  which  stain  readily  with  aniline  Avbl      ! 
called   jxirifJai   or    ojj/utie    eells.      The    JDJflforte    fftmttt, 
pyloric   part   of  the  stomach,  have   long  ducts  and  short 
lined  with  cubical  granular  cells.     There  are  no  parietal  cells. 

The  central  cells  of  the  cardiac  glands  and   the  eel 
pyloric  glands  are  loaded  with  granules.      During  secretion  tb*T 

•  A  gastric  fistula  is  made  by  cutting  through  the  abdominal wi 

In  exprwe  the  Ntomach.     The  stomach  is  then   attachnl 
sbdomiiml  woumh  uml  a  small  orifice  i-  finally  made  th  will  4 

Dmach,     When  the  wound  heals  there  is  then  a  free  commimioha 
between  the  rtomsoh  and  the  exterior. 
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discharge  their  grannies,  those  thai  remain  being  chiefly  situated 
near  the  lumen,  leaving  in  each  cell  a  dear  outer  zone.  These 
are  the  cells  that  secrete  the  pepsin.  Like  secreting  cells  gener- 
ally, they  select  certain  materials  from  the  lymph  that  bathes 
them;  these  materials  are  worked  up  by  the  protoplasmic 
iitrtivit y  of  the  cells  into  the  secretion,  which  is  then  discharged 
into  the  lumen  of  the  gland.  The  most  important  substance  in 
a  digesth-  >en  lion  is  the  ferment.  In  the  case  of  ilu-  -^-in.- 
j i nee  this  is  pepsin.  We  can  trace  an  intermediate  step  in  this 
process  by  the  presence  of  the  granules,     The  granules  are  not 

bowWSTj  composed  ol  p^paiQ,  but  of  a  mother-substance  which  is 
readily  converted  into  pepsin.  We  shall  find  a  similar  ferment 
precursor  in  the  cells  of  the  pancreas,  and  the  term  iymo$en  is 
applied  to  these  ferment  precursors.  The  zymogen  in  the  gastric 
cells  is  called  pepsinogen,  The  rennet  ferment  or  rennin  that 
causes  the  curdling  of  milk  is  distinct  from  pepsin,  but  is  formed 
by  the  same  cells. 

The  parietal  cells  undergo  merely  a  change  ol  size  during 

retion,  being  at  first  somewhat  enlarged  and  after  secretion  they 
arc  somewhat  shrunken.  They  are  also  called  art/ntte  {acid  form- 
ing) cells,  because  they  secrete  the  hydrochloric  acid  of  the  juice. 
HeidciiJiMiii  succeeded  ID  making  in  one  dog  a  ett^tife-aae  of  the 
fundus,  in  another  of  the  pyloric  region  of  the  stomach;  the 
former  secreted  a  juice  containing  both  acid  and  pepsin;  the 
latter,  parietal  cells  being  absent,  secreted  a  viscid  alkaline  juice 
containing  pepsin.  The  Formation  of  a  free  acid  from  the  alkaline 
blood  and  lymph  is  an  important  problem.  There  is  no  doubt 
fJiMt  it  is  formed  from  the  chlorides  of  the  Mood  and  lymph,  and 

of  the  many  theories  advanced  as  to  how  this  Is  done,  Italy's 
ij*f  on  the  whole,  the  most  satisfactory.  He  considers  that  ii 
Originates  by  the  interaction  of  the  calcium  chloride  with  the 
«ii-&odium  hydrogen  phosphate  of  the  blood,  thus- — 

^\:ijnH»|  +  Hr:d'L  =  r:L.{P(»l)i  +  4NaCl  +  2!R,l 

|-li— M.Iiiiiu  [cftl'-imn  [culcimu  [nodiitm         |l,y.liw- 

phofcptat*]  u  i-IJ 

*>r  more  simply  by  the  interaction  of  sodium  chloride  and  sodium 
cli-hydrogen  phosphate,  ;es  is  shown  in  the  following  equation: — - 


^li-iiya 

The  sodium  didiydrogen   phosphate   in   the  above  equation  is 

h  h  2 


NalU'O^  +  NaCl  -  Najl  \>i  >4+  HO! 
[■odium  dl-       [«adlafti     Ml  woStiini         Ihyilm- 
hrdrogea         chloride]     hvdro«i]  chWlc 

jthospluitf  j  1  I  j'  ■-I'luil*-]  Mild] 
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derive.!  froiu  the  interaction  of  the  di-sodium  hydrogen  phosphate 
and  the  carbonic  acid  of  the  blood,  thus  : — 

Xa,H  P04  +  CO*  +  H,(>  =  XaHCO,  +  NaH.VO,. 

But,  as  Professor  Gamgce  has  j>oiiited  out,  these  reactions  et 
hardly  be  considered  to  occur  in  the  blood  generally,  but  rathe 
in  the  oxyntic  cells,  which  possess  the  necessary  selective  pow 
iu  reference  to  the  saline  constituents  of  the  blood,  and  the  hjdr 
chloric  acid,  as  soon  as  it  is  formed,  passes  into  the  uecretkm 
the  gland  in  consequence  of  its  high  power  of  diffusion. 


Composition  of  Gastric  Juice. 

The  following  table  gives  the  percentage  composition  of  t 
gastric  juice  of  mau  and  the  dog  : — 


I'niittitueiiU. 

Water 

Orjranir    substances    (chiefly 
|iep*ifO         .... 

II  CI 

CaCL 

NaCl 

KC1 

NH4C1 

Ca^PO^ 

Mg,(KV\.       .         .        .        . 
FePO 


Human. 

99'4* 

032 

002 

0*006 

014 

0*05 


I 


f 


I*g. 
97'jo 

030 
ox)6 
025 

Oil 

ox>5 
017 

OQ2 
OXX)8 


One  sees  from  this  how  much  richer  111  all  constituents 
gastric  juice  of  the  dog  is  than  that  of  man.  Caruivor 
animals  have  always  a  more  powerful  gastric  juice  than  ot 
animals  ;  they  have  more  work  for  it  to  do  ;  but  the  great  conti 
seen  in  the  table  is,  no  doubt,  partly  due  to  the  fact  that 
persons  from  whom  it  has  been  possible  to  collect  gastric  ji 
have  been  invalids.  In  the  foregoing  table  one  also  sees 
great  preponderance  of  chlorides  over  other  salts :  apportion 
the  total  chlorine  to  the  various  metals  present,  that  wh 
remains  over  must  be  combined  with  hydrogen  to  form  the  I 
hydrochloric  acid  of  the  juice. 

Pepsin  stands  apart  from  nearly  all  other  ferments  by  requiri 
an  acid  medium  in  order  that  it  may  act.  Probablv  a  compooi 
of  the  two  substances,  called  pepsin-hyd'rochloric  acid,  is  t 
really  active  agent.  Other  acids  may  take  the  place  of  hydi 
<*hloric  acid,  but  none  act  so  well.      Lactic  acid  is  often  found 
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gastric  j nice  :  this  lb  derived  by  fermentative  processes  bom  the 

f.Hwi. 

Hytl:  ,•  i<l  fa  absent   in   name  disease*  of  the  stomach;  i he  best 

1  n  arc  the  following 

rllt     trOllsittl  I-  III  .].     1     1 

lliu,  and  30  part*  **f  rectified  K|»iiif .    a  drop  of  filtered  gastric ]uic 

in  au  ecpud  ipiauHtv  of  the  reivgent.     Reel  Form,  or  if 

h   |H[i»nric   is  present,  Hutu  will   >»c  a  1  'l\w  reaction  I 

|»tar*?  with  t  part  of  hydrochloric  acid  in  to  000.    The  organic  acids  t\o  not 
reaction. 

lin  t*»st.    Drops  <>f  •  saturated  aatatioa  ol   tropssolin -oo  in 

94  per  cent,  methylated  snirii  arc  allowed  todrj  on  t  porcelain  slab  aj  40"  C. 

Irop  of  tlif  fluid  to  lie  tested  [9  placet  I  <»u  the  tropssolin  drop,  still  at 

404  C\  ;  and  if  hydrochloric  acid  is  present,  ft  riotej  -,|m»i   |i  left  when  'l"k 

evaporated.     A  drop  of  0006  ]H"r  cent,  hydrochloric  a< 

nark. 

Lactic  acid  is  soluble  In  ether,  ssid  hi  generally  detected  by  makfi 
real  extract  «>f  the  stomach  content!,  and  evaporating  the  ether,    [flu 
acitl  i*  present  in  the  residue  il  may  be  identified  by  the  following  way: — 
A  solution  of  dilute  ferric  chlorate  and  carbolic  add  >*■  made  :•- 
10  cc  of  a  4-per-cent.  sohil  ion  of  carbolic  »<*id, 
20  cc,  of  1  listi  lied  water 

the  liquor  ferri  perchloridi  of  the  British  Pbarinacopteia, 
1  >n  mixing  a  solution  containing  a  mere  trace  (up  to  t  part  in  1 0.000)  of 
nl  with  this  violet  solution,  it  i<  instantly  turned  yellow.     1 
tges  of  other  acids  (t.r  bittancc,  more  than  02  per  rmir  of  hydro* 
•tie  acid) are  necessary  to  decolm  -  lUtSkm. 

The  Innervation  of  the  Gastric  Glands. 

\  long  ago  as  1852  Bidder  and  Schmidt  showed  in  a  dog 
with  a  gastric  fistula  that  the  sight  of  food  mused  a  secretion  of 
gastric  juice;  and  in  j S78  Rtehet  observed  that  in  a  man  with 
complete  occlusion  of  the  gullet,  the  act  of  mastication  caused  a 
copious  flow  of  gastric  juice.     There  can  therefore  have  been  DO 

abt  that  the  glands  are  under  the  control  of  the  aervou! 
system,  but  until  quite    recently  all    attempts  to   discover  the 

retory  nerves  of  the  stomach  proved  unsuccessful.  I'uwlow 
sol  veil  the  problem  by  experiment*!  on  dogs  :  he  first  made  a 
gastric  fistula;  and  a  few  days  later  exposed  the  OBSOphagtltj 
divided  it,  and  sewed  the  two  cut  ends  to  the  two  oorneni  Of  the 
around  in  the  neck.     The  animal  was  fed  by  means  of  tin   Lav  or 

ce  of  the  oesophagus ;  but  any  food   taken    by  the  mouth  or 

I  .saliva  secreted  into  the  mouth  was  never  allowed  to  enter  the 
stomach,  but  fell  out  of  the  opening  of  the  oseophagus  in  the 
These  animals  were  kept  alive  for  months  and  soon 
unmodated  themselves  to  their  new  conditions  of  life. 

If  one  of  them    was   kept    without  food    for  B  few   hours,  and 

then  given  a  meal  of  meat,  it   devoured  it   with  avidity  though 

or  reached  the  stomach.      The  effect  of  this  shaft  feeding 


THE 


[caim 


;  and  abundant  flow  of  ga*'  B,  which  oommra*! 

I  after  the  begmn  iie  meal.      If  water,  milk,  or 

i  given  instead  of  meat  HO  BOeb  accretion  occurred. 

jbenomena  o»  ■  i«i 

It  b  therefor'  I  that  the  splanchnic*  are  tx*  tfc 

secretory  nerves-    But  after  division  of  both  vagi  hi  fa* 

of  origin  of  the  recurrent  laryngeal  nervt  - ..  d  tW 

larynx),  the  reflex  secretion  ceased,  though  the 
the  process  of  sham  feeding  with  the  same 

The  vagi  therefore  contain  the  aecretory  fibres;  this  <oncliiMr 
was  confirmed  by  the  experiment  of  stimulation.  If  the  jen- 
pberal  end  of  a  divided  vagus  is  stimulated,  however,  the  neal 
result  is  stoppage  of  the  heart  ;  this  difficulty  wan  overcome  lj 

ig  a  few  days  elapse  between  the  division  of   the  na 
the  experiment  of  stimulating  them.      During  this  lime  thecaid*. 
inhibitory  fibres  degenerated,  and   then   stimulation  of  the  uem 
bj  induction  sboekl  at  intervals  of  one  second  called  forth  a  In 
of  gastric  juice,  after  a  latent  period   of  about  five  mini 

Imwlow'f  aabied  him  to  obtain  a  gastric    juice  fret 

v*'ith  s*li\  .  The  main    fact*    in    relation  to  t bit  pat 

m  :— It  i*  clear  and  colourless  ;  it   has  a  sp« 
1003  to  1006.      It  if*  feebly  dextro- rotatory,  gires  no  biuret  rea- 
rdinary  proteid  reactions.     It  contain*  from  0*4  to  or 
Irochloric    add.     It 
When  cooled  to  o*C.  it  deposits  a  fine  precipitate  of  pepsin  ; 
layers,  and   the   latere  first  deposited  contain  most    of  tht 
loosely  combined  with  and  carrieil   down   by  the   pepsin. 
precipi table  by  ammoiiium  sulphate  (Kuhnej.      Elementary  an;, 
the  following  resnHa  : — 


Pepsin  precipitated  by  cold — 
Carbon  .  5073  per  cent. 

Hydrogen  .    .      7*23 

Chlorine  .    1  01  to  rjf 

Sulphur    ....     o§98 
Nitrogen      ,  .    not  estimated 

Oxygen     .         .         ,         the  rem 


SB 

0'S9 

t'34 
14-55  *•'  15^ 


Action   of  Gastric  Juice. 

The  principal  action  of  the  gafftrio  juice  consist 
the  pruteitts  of  the  fuinl  into  the  diffusible  peptones,       In  the  « 
of  milk  this  in  preceded  by  the  curdling  due  to  rennet  (see  p.  445 

There  is  1  still  further  action — that  is,  the  gastric  juice* 
antiseptic;  putrefactive  processes  do  not  normally 
stomach,  and  the  organisms  that  produce  such  processes*  na 
of  which  are  swallowed  with  the  food,  are  in  great  mean 
destroyed,  and  thua  the  body  is  protected  from  them.  Tie  1 
is  the  n^eiU  in  the  ju ice  that  possesses  this  powt 
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The  formation  of  peptones  is  ;i  process  of  hydration  j   peptouet 
may   be   formed  by  other  hydrating  like  superheated 

steam  and  beating  with  dilute  mineral  acids.     There  are  certain 
intermediate  steps  in  this  process:  the  intermediate  substances 
called  pro-peptones  or  proteoses.      The  word  *  pn>tei>s<      is  the 
t  :    it  includes  the  alhumoses  (from  albumin),  glnl  mioses  (from 
>bulin),  vitelloses  (from  vitellin),  Ac.     Similar  substances  are 
a  funned  from  gelatin  (jjelatinoses)  and  elastin  (el 
Another  intermediate  step  in  gastric  digestion  is  called  para- 
peptone  :   this  is  acid  albumin  or  syntoniu  ;   it  also,  though  with 
some   difficulty,    is  converted    into   peptone.     The  products  of 
'est  ion  may  be  classified  in  various  ways.      It  will  be  convenient 
take  albumin  as  our  example,   remembering   that    globulin, 
and  all  tin-  utber   proteids  form   correspond  in  l:   pn-ducts. 
The   products  of  digestion   may   be  classified,  according   to  their 
solubilities,  as  follows  : — 


|.    Farapcptone  or  acid  albumin. 

Proto-slboiDoae 
2,  Propeptone      -[  (fi)  Hetero-albamoM 

\t/)     I>rl|lrlM.albltlil<.-..' 

3     Peptone. 


I  Tin?  primary  iltamcw 
thorn   wiScb 
firat 


The  primary  alhumoses  are   precipitated   by  saturation    with 
on  sulphate  or  sodium  chloride.     Deutero-albumoae  is 
UMt ;   it   is,  however,   precipitated  by  saturation  with  ammonium 
sulphate.      Proto-   and    deutero-albumose   are   soluble   in   water  ; 
betero-albumose  is  not  :  it  requires  salt  to  hold  it  in  solution. 
Kiihne'a  ph\  ition  is  as  follows: — 

The  albumin  molecule  may  be  considered  to  be  made  tip  of 
two  parts  called  respectively  hemwilbumin  and  anti-albumin. 
The  former  yields  ultimately  hcmipeptOB^  the  latter  anti- 
peptone.     The  intermediate  albumcaea  have  similar  names  : — 


Albumin 

I  ' 


Hi'mi-.-illminiii 


Hemi-albiimose 


Hemfpeptonc 


! 
Airti-nlliiiiiini 

Aiitl-altanaoM  and  acid  albumin 
< 
Antapeptona 


The  hemi peptone  differs  from  the  anttpeptone  in  the  manner  it  is 

affected  by  the  prolonged  action  of  the  next  digestive  juice,  the 

sreatic  secretion;  bemipeptone  yieldfl  lancing  and  tyrosine,  anti- 

piptuue  does  not.    This  will  be  fully  discussed  in  the  next  chapter. 


472 


THE    GASTRIC    JUICE. 


[CH.XIU. 


Peptones. — These  are  the  final  products  of  the  action  of 
gastric  juice  on  native  proteids. 

Thev  are  soluble  in  water,  are  not  coagulated  by  heat,  and  ut 
not  precipitated  by  nitric  acid,  copper  sulphate,  ammonium  sul- 
phate, and  a  number  of  other  precipitants  of  proteids.  They  in 
precipitated  but  not  coagulated  by  alcohol.  They  are  aho 
precipitated  by  tannin,  picric  acid,  potassio-niereuric  iodide, 
phospho-molybdic  acid,  and  phospho-tungstic  acid. 

They  give  the  biuret  reaction  (rose-red  solution  with  a  trace  of 
copper  sulphate  and  caustic  potash  or  soda). 

Peptone  is  readily  diffusible  through  animal  membranes.  The 
utility  of  the  formation  of  diffusible  substances  during  digestion 
is  obvious. 

Proteoses. — These  are  the  intermediate  products  in  tb 
hydration  of  native  proteids  into  peptones. 

They  are  not  coagulated  by  heat ;  they  are  precipitated  but  not 
coagulated  by  alcohol  :  like  peptone  they  give  the  biuret  reaction 
They  are  precipitated  by  nitric  acid,  the  precipitate  being  solubk 
on  heating,  and  reappearing  when  the  liquid  cools.  This  last  iaa 
distinctive  property  of  proteoses.      They  are  slightly  diffusible. 


Variety  of    Action  of 
proteid  heat 


Action  of 


Action  of 
nitric  acid 


I 


Action  of 
Action  of  copper      jy... 

ammonium       sulphate    ^ST' 
sulphate      and  caustic   *"» 
potash 


Albumin    Coagulated  Precipitated,    Precipitated      Precipitated      Violet         53 
then    coagu-    in  the  cold  ;  !  by    complete    colour 
lated  i  not     readily  >  saturation 

soluble       ou  , 

heating 

Globulin      Ditto.  Ditto.  Ditto.  '  Precipitated      Ditto  Ditto. 

i  by  half  satu- 
1  ration ;    also 
,  '  precipitated 

|  ,  byMgSO. 

1 IYotcomm    Kotroagu-  Precipitated,    Precipitated     Precipitated      Rose-red     Sfofei 
\alhii-         lated  but   not   co-    in  the  cold;    by  saturation    colour         ^^ 

1       mown)  agulated  readily  nolu-  '  (biuret 

ble  on  heat-  reaction' 

I  ing ;  the  pre-  •  , 

cipitate     re-  ,  I 

appears     on  ' 

cooling*  | 

I'uptoiu*     NotcoHgu-  Precipitated,    Notprecipi-      Not  precipi-    Rose-red     Giutt 
luted  but   not  co-    tated  tated  colour 

aguluted  (biuret 

reaction;' 


*   In  Hum'hso  of  ili'utt'ro-allmnioso  this  reaction  only  occurs  in  thepre=eD<r 
of  rxtvss  of  salt. 
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The  preceding  table  prill  give  us  at  u  glance  the  chief  characters 
•  -»f  peptones  and  proteoses  in  contract  with  those  of  the  native 
proteids,  albumins,  and  globulins. 

We  see  that  the  main  action  of  the  gastric  juice  Kg  upon  tin* 
proteida  of  the  food,  converting  thorn  into  more  soluble  and 
diffusible  products.  The  fats  are  not  chemically  altered  in  the 
Btomacli  ;  their  proteid  envelopes  are,  however,  diasolved,  and 
the  solid  fats  are  melted.      Starch  is   unaffected  ;  but  eane  sugar 

inverted.     The  inversion   of  cane  sugar  is  largely  due  to  the 

droehloric  acid  of  the  juice,  and  is  frequently  assisted  by 
rting  ferments  contained  in  the  vegetable  io«h1  swallowed. 


CHAlTEtt   XXXII. 

DIGESTION    IN-    THK    INT  EST  INKS. 


Here  we  have  to  consider  the  action  of  pancreatic  juice,  of  Inle, 
an  I  of  the  suceiis  cutericus. 

The  Pancreas. 

This  is  a  tubulo  racemose 
gland  closely  resembling  the 
salivary  glands  in  structure. 
The  principal  differences  are 
the  alveoli  or  acini  are 
tubular  in  character  ; 
the    connective    tissue   bc- 
n    them    is    looser,    and 
in    it    are  si  nail    groups    of 
epithelium  like  cells,    which 
arc   supplied  by  a  close  net- 
work of  capillaries  (fig, 

The  secreting  cells  of 
the  pancreas  are  polyhedral. 
When  examined  in  the  fresh 
Condition,  or  in  preparations 
preserved  by  osmie  acid, 
their  protoplasm  is  seen  to 

be  filled   in   the  inner  two  third*  with  small   granules  ;  hut  the 
outer  third  is  left  clear,  and  stable  readily  with  reagents  (fig,  387). 


i  1  n.i  puumia  of  a  dn^ 

fttttsne  difft-fttion.  ■,  kItmU  linrd  with 
cell*,  the  nnr  outer  mm  of  wMA  i*  welt 
■tNMd  with  hrt'iiuitoxvlin  ;  rf,  du<t  lin^l 
with  tthurt  oiWul  OCtl*.  X  i^o.  {KWin 
iiti'l  Effoblt  Smith. 


474 


E8TI0N    IN    THE    INTi  [ch.  zxxih 


During  secretion  the  granules  are  disci  the  clear  soue 

consequently  becomes  wider,  Bad  the  granular  zone  narrower. 
These  granules  indicate  the  )>•  of  ■  zymogen  which  is 


t   i 


jfe**^ 


Fig.  388.—  Sec  on  of  the  p&ncrra*  of  nmuidill«<.  *ht 
i u  Hi*-  iron nccU v«  tissue .    ( 


S.J 


called   trypsinotten  ;  that    is,    the   precursor  of  trypsin,  the  im*»t 
important  ferment  of  the  pancreatic  juice, 

In  the  centre  of  the  acini,  spindle-shaped  cells 
cells)  arc  often  seen  ;  their  function  and  origin  arc  unknown 


Composition  and  Action  of  Pancreatic  Juice. 

The  pancreatic  juice  may  be  obtained   !  lie  in  auin"m-»h| 

a  cannula  being  inserted  into  the  main  pancreatic  d  *  ** 

in  th«  ■mm'  "i"  gastric  juice,  experiments  on  the  pancreatic  secre*  I 
are  usually  performed  with  an  artificial  juice   made  bj  PO 
weak    alkaline   solution    (t    per    cent,    sodium  e)    ^wiro 

a  glycerine  extract  of  pancreas.  The  pancreas  should  b* 
treated  with  dilute  acid  for  a  few  hours  before  the  glycol™* 
is  added.  This  ensures  a  conversion  of  the  tripsinogen  *Qi0 
trypsin. 

Quantitative    analysis   of   human    pancreatic   juice  givea    ^ 
following  results  : — 


Water        .       . 

97-0  |m  i 

Organic  solids . 

■        i'8       n 

o-6       lf 

The  organic  substances  in  pancreatic  juice 


PANCREATIC    JUICE, 

(a)   Ferments.     These  are  the  most  important   both  tjnautita- 
rely  and  functionally.     They  are  four  hi  number: — 
i.  Trypsin,  a  proteolytic  ferment. 

»i,   Amylopsin  or  pancreatic  diastase,  an  anxiolytic  ferment. 
iii.   Steapsm,  a  fat-splitting  Of  lipolytic  ferment. 
iv.   A  milk-curdling  ferment* 
(/')   A  .small  amount  of  proteid  matter,  QQagulable  by  heat, 
(c)  Traces  of  leucine,  tyrosine,  xanthine,  and  snaps. 
The  inorganic  substances  in  pancreatic  juice  are — 
Sodium   chloride,    which  is    the   most  abundant,   and  smaller 
quantities    of    potassium    chloride,    and    phosphates    of    sodium, 
cnlcium,  and  magnesium.      The  alkalinity  of  the  jniee  is  due  to 
phosphates  and  carbonates,  especially  of  sodium. 

The  action  «»f  pancreatic  juice,  which  is  the  moat  powerful  and 
important  of  all  the  digestive  juices,  may  be  described  under  the 
leadings  of  its  four  ferments. 

i.  Action  of  Trypsin. — Trypsin  acts  like  pepsin,  but  with 
:*rta  in  d  i  ffe  re  n  c  es ,  which  are  as  f o  1 1  o \v  s  : — 

{a)   It  acts  in  an  alkaline,  pepsin  in  an  acid  medium. 
(4)   It  acts  more  rapidly  than  pepsin,  but  a  similar  series  oj 
a  tenses  can  be  detected  as  intermediate  product*  in  the  funuu- 

♦m  of  peptone. 

(c)  An  albuminate  of  the  nature  of  alkali  albumin  is  Formed 
u  place  of  the  acid-albumin  of  gastric  digestion. 

(d)  It  acts  more  powerfully  on  certain  albuminoids  (such  as 
lastin)  which  are  difficult  *>f  digestion  in  gastric  juice. 

(e)  Acting  on  solid  proteids  like  fibrin,  it  eats  them   away 
*>m  the  surface  to  the  interior;  there  is  no  preliminary  swelling 

in  gastric  digestion. 

(/)  Trypsin  acts  further  than  pepsin,  on  prolonged  action 

trtly  decomposing  the  hemipeptom  which   lias   left   the  stomach 

ito  simpler  products,  of  which  the  umst  important  are  leucine, 

prosinc,  arghiine  (see  p.  390),  aspartic  mid,  and  ammonia.      It 

bhe  <i  n  t  if  tepton  t  u  n  a  ffe  cted . 

The  peptones  are  diffusible  because  their  molecules  are  smaller 
urn    those  of  proteid.      tlcimpcptnue  by  the  prolonged  activity 

pancreatic  juice  is  split  into  substances  of  still  smaller  niolc- 
ilar  weight.  Antipeptone  is  not,  as  it  is  itself  a  substance  of 
etremoly  low  molecular  weight.     Siegfried  states  it  is  a  single 

ubstance  which  he  calls  r*mu'r  ttriJ  (i  '^W^S l{)  »,  because  he  tirst 
L'parated  it  from  muscle.  Kutsclier  finds,  however,  that  it  is  a 
liiture  of  several  comparatively  simple  materials,  histidine, 
rginiue,  aspartk  acid,  etc.  If  this  is  so,  Kuhncs  theory  of  the 
hehii-  and  anti-  groups  in  the  .iIIihulh  molecule  falls  to  the  ground. 
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2.  Action  of  Amylopsin, — The  conversion  of  starch  into 
maltose  is  the  most  powerful  and  rapid  of  all  the  actions  of  the 
pancreatic  juice.  It  is  much  more  powerful  than  saliva,  and  will 
act  even  on  unboiled  starch.  The  absence  of  this  ferment  in  the 
pancreatic  juice  of  infants  is  an  indication  that  milk,  and  not 
starch,  is  their  natural  diet. 

3.  Action  on  Fats. — The  action  of  pancreatic  juice  on  fata 
is  a  double  one :  it  forms  an  emulsion,  and  it  decomposes  the  fag 
into  fatty  acids  and  glycerin  by  means  of  its  fat-splitting  ferment 
steapsin.  The  fatty  acids  unite  with  the  alkaline  bases  to  form 
soaps  (xrt/xmification).  The  chemistry  of  this  is  described  on  p. 
380.  The  fat-splitting  power  of  pancreatic  juice  cannot  be  studied 
with  a  glycerine  extract,  as  steapsin  is  not  soluble  in  glycerine: 
either  the  fresh  juice  or  a  watery  extract  of  pancreas  must  be  used. 

The  formation  of  an  emulsion  may  be  studied  in  this  w. 
Shake  up  olive  oil  and  water  together,  and  allow  the  mixture  to 
stand  ;  the  finely  divided  oil  globules  soon  separate  from  and 
float  on  the  surface  of  the  water ;  but  if  a  colloid  matter  like 
albumin  or  gum  is  first  mixed  with  the  water,  the  oil  separates 
more  slowly.  A  more  permanent  emulsion  is  formed  by  an 
alkaline  fluid,  and  especially  when  a  small  amount  of  free  fatty 
acid  is  being  continually  liberated ;  the  acid  combines  with  the 
alkali  to  form  a  soap.  Pancreatic  fluid  possesses  all  the  uecessarr 
qualifications  for  forming  an  emulsion  : — 
i.   It  is  alkaline. 

ii.   It  is  viscous  from  the  presence  of  proteid. 
iii.   It  has  the  power  of  liberating  free  acids. 

4.  Milk-curdling  Ferment. — The  addition  of  pancreatic 
extracts  or  pancreatic  juice  to  milk  causes  clotting;  but  this 
action  (which  differs  in  some  particulars  from  the  clotting  caused 
by  rennet)  can  hardly  ever  be  called  into  play,  as  the  milk  upon 
which  the  juice  has  to  act  has  been  already  curdled  by  the  rennin 
of  the  stomach. 

Intestinal  Digestion. 

The  pancreatic  juice  does  not  act  alone  on  the  food  in  the 
intestines.  There  are,  in  addition,  the  bile,  the  succus  entericus 
(secreted  by  the  crypts  of  Lieberkiihn),  and  bacterial  action  to  be 
considered. 

The  bile,  as  we  shall  find,  has  little  or  no  digestive  action  by 
itself,  but  combined  with  pancreatic  juice  it  assists  the  latter  in 
all  its  actions.  This  is  true  for  the  digestion  of  starch  and  of  proteid, 
but  most  markedly  so  for  the  digestion  of  fat.  Occlusion  of  the 
bile-duct  by  a  gall-stone  or  by  inflammation  prevents  bile  entering 
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h-  duodenum.      Under  these  circumstances  the  faeces  contain  a 

amount  of  undigested  fat, 

Tli-    Biiccus  entericus  appears  to  have  to  some  extent  the 

mil  of  converting  Starch  into  sugar  ;  whether  it  acts  on  protcids 

is  very  doubtful;  its  most  important   tetioc   is  due  to  a 

nent  it  contains  railed  inverting  which  inverts  saccharoses— 

is,  it  converts  cane  sugar  and  maltose  into  glucose. 
The  original  use  of  the  term  "inversion"  has  been  explained 
**  P*  375*      '*  nnxy  UL*  extended  to  include  the  similar  hydrolysis 
Other  saccharoses,    although   there   may    he    no  formation    of 
BYO-rot  a t  *  *v\   frill  »s t  an  ces. 

tfi'iriij.  h;i>  been  Obtained  free  from  other  lecretions  by  meant*  of 
tistulu.     Tniry'fl  method  is  to  cut  the  inr,  *ijfi, a*  ross  in  I  wo  places  ;  tl>e 

ep  s*>  cat  oat  i*  still  supplied  with  blood  ilid  mum,  m  11b  iihmiiiImj  ti 


f.  >»Q.—  Diagram  uf  intestinal  H»tu1n.    I.»  TkiryV  method;    II.,  V*;]la*n  method      A, 
hUI.  ruiiuil  wnil  j   B,  inteiitine  »ith  m&tent«y  ;   C,  wpttrutecf  loop  of  intmtin?,  nilk 


tact  ;  Lhl*  loop  hi  emptied^  one  end  iaaewn  up.  ami  the  other  siiiHierJ  to 
;<IkK»iiiiiiji[  wound,  ami  90  I  wl-dv>#tir  fmtn  which  »n  can  lie 

lleeted  is  ninth*.  Tin-  e, luiiiiuir y  <t  ( In-  remainder  of  the  intestine  is 
tared  by  festenini  together  the  upper  end  Iowa  portion*  of  the  bowel 
>m  which  the  loop  hoi  been  removed*  Velln's  metaod  retemblei  Thiry's 
eept  that  both  onoa  of  ihc  loop  are  intnred  to  the  wound  in  the  a1h  lumen. 
Fig;  3S9  illu»trno  method*. 

Bacterial  action. — The  gastric    juice  is  an  antiseptic;    the 
pancreatic  juice  is  not.      A   feehly-alk  aline  Moid   like  pancreatic 

I  juice  is  just  the  most  suitable  medium  for  bacteria  to  flourish  in, 
Even  in  an  artificial  digestion  the  fluid  is  very  soon  putrid,  unless 
special  precautions  t««  exclude  or  kill  bacteria  arc  taken.  It  is 
often  difficult  to  say  where  pancreatic  action  ends  and   bacterial 

ebeginCj  M  many  of  the  bacteria  that  grow  in  the  iiitestiiid 
Kta,   baTlOg  peached   that   situation    in   spite   of  the  gastric 
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,  act  m  the  Maw  way  as  the  pancreat  eforrafiijnr 

,  nchen  peptone,  leucine,  and  tyrosine  from  prouid*, 

gain,  break  up  fata.      There   are,  however,  certain 

»  thai  are  entirel;  these  putrefactive  organism* 

I  >n  carbohydrate*.     The  most    frequent    fermentation  ihej 

act  op  ia  the  lactic  acid  fermentation  :   this  may  go  farther  ini 

result  in  the  formation  of  carbonic   acid,  hydrogen,  and 

(ace  p.     j  -  rlosc  is  broken  up  into  oainonw  and  ami 

This  n  the  chief  cause  of  the   gases  in  the  intestine, 
the  amount  of  which  is  increased  by  vegetable  food. 

iL  On  fata,     In  addition   to  acting    like  steupsin.   they  pro 
duce  lower  acids  (valeric,  butyric,  &c.).     The  formation  of  tod 
products  from  fats   and  carbohydrates  gives   to    tl 
contents  an  acid   reaction.     Recent    researches  sh- 
contents  of  the  intestine  become  acid   much   big  ili&ntu 

formerly  supposed.     Organic  acids  do   not,  however,  hinder  pw- 
creatic  digestion. 

ill  On  proteids.     Fatty  acids  and  arnidoatM  lljls> 

cine  and  tyrosine,  are  produced  ;  but  these  putrefactive  < 
have  a  special  action  in  addition,  producing  substances  hariagai 
evil  odour,  like  indole  MKH:X),    skatole    (<'',,  H  N  I  pheou^ 

(C6HflO).     There  are  also  gjweous  pro*  1  nets  in  some  cases. 

If  excessive,  putrefactive  processes  are  harmful  ;  if  wrtiffl) 
normal  limits,  they  are  useful,  helping  the  pancreatic  juice  «*t 
further,  preventing  the  entrance  into  the  body  of  potaonaa 
products,  It  is  possible  that,  in  digestion,  poisonous  alkaloids 
are  formed-  Certainly  this  is  so  in  one  well-known  case,  Leo 
thin,  a  material  contained  in  small  quantities  in  many  foods,  dad 
in  large  quantities  in  egg-yolk  and  brain,  is  broken  np  by  thr 
pancreatic  juice  into  glycerine,  phosphoric  acid,  stearic  acid,  id 
an  alkaloid  called  choline.      We  are,  however,  pro  1  »tu  the 

poisonous  action  of  choline  by  the  bacteria,  which   break  it  up 
into  carbonic  acid,  methane*  and  amnion  in. 

Leucine  and  Tyrosine. 

These  two  substances  have  been   Frequently  mentioned 
preceding  pages.     As  types    of    the    decomposition   prod 
proteids  they  arc  important,  though  probably  only  small  quanti* 
tics  arB  normally  formed  during  digestion. 

They  belong  to  the  -roup  of  amido-acids.    On  p.  379  w 
given  a  list  of  the  fatty  adds;  if  we  replace  one  of  the  hydrogen 
atom!  in   a  fatty  acid  by  amidogen  (XHt),   we  obtain   a 
galled  an  amide-acid.     Take  acetic  acid  :  its  formula  is  r.H,0.; 
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replace  one  H  by  NrL  and  we  get  CsHA{XrL)Os,  wliieh  is  amddo- 
tic  acid  or gifCCeiHUi      If  we  take  caproic  acid — a  term  a  little 
igher  in  the  series — its  formula  is  CjHjjOgj  aiiiid<>-rapri>i<-  Mid 
fa  I  ^Hu(NH1)Ot,  which  is  also  called  leucine. 

the  vvav  in  which  the  imidogen  ii  linked,  a  large 
ttttmber  of  isomeric  amidthcaproic  acids,  all  with   the   SatnC 
pineal  formula,  are  theoreti sally  possible.      S r   of   these   have 

actually  prepared  in  the  Laboratory  ;  and  chemical  research 
has  shown  that  the  aniidn -caproic  acid  called  leucine  formed 
during  digestion  should  be  more  accurately  named  a»amido- 
iaobutylacetic  acid  (CH^CH.CH^CHfNH.)*  QOH. 

Tyrosine  is  a  little  more  oompucated,  as  it  is  not  only  an 
amido-aeidf  but  also  contains  an  aromatic  radicle.  Propionic 
id  has  the  formula  ( ' ;  1 1  ,.< '. ;  amido-propionie  acid  is  ( '.jHjNH^jO^ 
d  is  called  gfflwmd.  If  another  H  in  this  is  replaced  by  oxy- 
phenyl  (CfHrOH),  we  get  CSH4(( ^H^JHXXHja,  which  is 
oxyphenvl-amido-propionic  acid,  or  tyrosine.  Leucine  and 
tyrosine  are  both  crystalline ;  the  former  crystallises  in  the  form 
of  spheroidal  clumps  of  crystals,  the  latter  in  collections  of  fine 
ailkeu  needles. 

Secretory  Nerves  of  the  Pancreas. 

It  has  been  known  since  the  work  of  Claude  Bernard  in  1856 
that  the  introduction  of  ether  into  the  stomach  produces  a  reflex 
flow  of  pancreatic  juice,  but  ail  attempts  to  discover  the  path  of 

the  nerve  impulses  failed  until  the  recent  work  of  Pawlow,  The 
reason  of  the  failure  of  previous  workers  is  that  the  pancreas  is 
remarkably  sensitive  to  external  conditions.  If  the  pancreas  is 
cooled  or  wounded  during  the  process  of  making  the  fistula,  or  if 
sensory  nerves  are  excited,  or  if  anaesthesia  is  deep,  the  gland 
refuses  to  secrete. 

Pawlow  discovered  that  the  vagus  contains  the  secretory  nerves 
of  the  pancreas ;  he  took  care  to  avoid  the  sources  of  error  just 
referred  to.  Ill  the  first  place  be  stimulated  the  vagi  below  the 
origin  of  their  cardiac  branches  ;  in  the  second,  the  spinal  cord 
was  divided  high  up  to  prevent  reflexes  occurring  from  sensory 
nerves,  and  lastly,  the  operation  of  stimulating  the  nerve  was 
done  without  an  anaesthetic. 

In  another  series  of  experiments,  lie  cut  through  one  vagus  in 
the  neck,  and  stimulated  the  peripheral  end  two  or  three  days 
later,  when  the  eanlio-iuhibitory  fibres  had  degenerated  :  in  this 
way  be  got  rid  of  the  heart  stoppage  which  would  have  interfered 
with  the  normal  condition  of  the  animal. 

In  all  eases,  the  stimulation  of  the  vagus  produced  an  abundant 
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flow  of  pancreatic  jur                  a  latent  period  of  fnwi  ftftna 
seconds  to  two  ranmtir     T 

consisted  of  a  alow  series  of  her  induction  eurraitu* 

mechanical  bla  By  thi»  means  stimula* 

•f  vaao-e                    nerves  to  the  pancreas  contained  in  \k* 
vagus  is  avoided-      If  the  blood  supply  is  diminished  by  stiauua 

»f  rmp  namitiririliOf  nerves,  I  i  is  stopped. 


Extirpation  of  tbe   Pancreas. 

Complete  removal  of  the   pan  -  and  diseaseW 

the  pancreas  in  man  product  a  condition  of  diabetes,  in  addita 
to  the  loss  of  pancreatic  action    in    the 

pancreas  from   inotlftej  animal    into    the   abdomen  of  the  animal 
from  which  the  pancreas  has  been  removed    reli  fiabctie 

condition. 

How  the  pancreas  acts  other  than  in  producing 
juice  is  not    known.      It    must,    however,    have  ucttH* 

I  to  til-*  general  metabolic  phenomena  of  tbe  bod;, 
are  disturbed  by  removal  or  disease  of  tie 
illustration  of    a  universal  truth — viz.,   that    each  past 
body  iJoea  not  merely  do  its  own  special   work,  bttl  h  eunoond 
in  the  great  cycle  of  changes  which  is  railed  gem 
Interference  with  any  organ  upsets  not  onlj 
but  causes  disturbances  through  the  body  generally.     Th 
dependence  of  the  circulatory  and   respiratoi 
known  instance.     Removal  of  the  thyroid  gland  upsets  tlx  »vi 
body,    producing     widespread     changes     known    as    inyiorienv 
Removal  of  the  testis  produces  not  only  a  lost  of  tJ 
secretion,  but  changes  the  whole  growth  and   apj 
animal.      Removal   of  tin-  greater  part  of   the    kidnej 
rapid  wasting  and  the  breaking  down   of  tin  tun  m 

vi\   quantity    of    urea.      The    precise    way    in    which  tlicr 
glands  are  related  to  the  general  body  processes  is,  bet 
subject  of    which  we  know  as  yel   very  little.     The  tLeorv  it 
present  most  in  favour  is  that  certain  glands  produce  an  inbrmtl 

on,    which    leaves   them    \nd  the     lymph,    and   is  tbi 
trihnted  to  minister  to  parts  elsewhere.      The   question  of  thr 
internal   secretions  of   the  thyroid  and    suprarenal    capsules  ii 
discussed  in  Chap.  XXIII.    In  the  case  of  the  pan 
Sehafer  has  propounded   the  theory  that  its    int. 
stoppage  of  whieh  in  some    way  leads   to   diabetes,  is   prodll 
the  islets  of  epitheliumdike  cells  scattered  through  tl». 

of  the  organ  (see  fig.  388,  p.  474). 
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he  Liver,  the  largest  jjand  in  the  body,  situated  in  the 
oen  on   the    right    eido    chiefly,   is  an    extremely  vascular 

m,  and  receives  its  supply,  of  blood  from  two  distinct  sources, 
viz.,  from  the  portal  vein  and  from  the  kepaHc  artery,  while  the 
blood  is  returned  from  it  into  the  vena  cava  inferior  by  the 
fapoi  retioti,  the  &&,  is  conveyed  from  it  by  the 

hepatic  duc^  either  directly  into  the  intestine,  or,  when  digestion 
is  not  going  00,  into  the  eytflte  duet,  sod  thenoe  into  tin.  -;dl- 


Ifet  usder  tmfMC  of  tin--  liver,    0.  »*,  g*ll-bj§4d«i  ■  n,  e>^  ootniaoo  bflA-dnel ; 

lUiy.    \.   P..  port*]   >'ii?  ■■■ulii-    niiwlratua;    ■,,  n.a  Lobulu* 

«trigelii;  »  sua;  t>.  v.,duefaii  venomus  1  .  v.,  umbilical  vein.    (Noble 


bladder,  where  it  aentunulatee  until    required.     The  porta]   rein, 
i    iuirrv,  an<l    hepatic    duct    branch  together  throughout 

the  liver,  while  the  hepatic  veins  and  their  tributaries  run  by 

Uainsrlv 

On  tl«>  outside,  the  liver  has  an  incomplete  covering  of  peri- 
toneum, and  beneath  this  it  ooat  of  areolar  bi 

it  the  whole  Miiia..    of  the  organ.     It  is  thickest 
where  the  peritoneum  is  absent,  and  is  continuous  on  the  general 

surface   of   t lie   liver   with    the   fine   and,  in    the   hmiiai 

il si  imperceptible  areolar  tissue  investing  the  lobules.     At  the 

transverse  fissure   il    Is  merged   in   the  areolar  investment  called 
(jlisson's  capsule,   which,  surrounding    the   portal   vein,    hepatU 
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artery  au«I  hepatic  du 

through  tl  "f  the  liver. 

Structure. — The  liver  i*  made   tip  of   small  roundish  or  on) 
portions  called   tobuiei,  each    of   »i 


i 


**/ 


F5g   vu.-A.  Lirer-cell*.    B.  Inito,  containing  mio»  <uri  putkfanJ  U. 

(about    i   nun.)  ter,  and  oooipoai  km  oft, 

between    which    the   1>1*h h1  lie 

litl»  1  fig.   39  f),   which  form    th-  rettaf 


d  of  a  portal  canal,  contain  rtal  win,  hnafeoltf 

uivl  hepal                                             i",  branch   of  rvna  y-                               1  jut* 

caiiril  among*)  the  lol  r<r«arha;to 

art'  fil-n  -« «  ti  within  •  fB*Hi«tifl&» 
Inliulur  t«m  ariaiog  directly  from  it;    .7,  f 

pari  of  the  liver,  an    of   r   spheroidal   form, 
from    mutual    pressure,    about    F^ff   to  TTJ^,, 

1111.)  in  diameter,  r>  _  h  nucleus,  somel 

oell-Bubstauee,  composed  of  protoplasm,  contains  ta  htxj 
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,.30j.— Capillary  network  of  th'  lobule*  ol  the  rabbit's  liver.  The  figure  i*  taken  from  a 
▼ery  suecc*«»ful  injection  of  fh.  hepatic  v»*in*.  made  by  Hurling:  it  nbww*  neaily  Hm 
whole  of  two  lobuh.H,  nd  jmrtn  of  three  other*;  bulai     i-  xttal    branches 

running  in   the  interlobular  space*:    a,  intralobular  r-upying   the 

centre  of  the  lobule*.    The  inrerlnbtiUtr  and  intralobulai   vewebi  are  connected   bj 
radiating  rnpi  II  aries.     x  45,     (Kolltker 


_,  JC14.—  Section  of  a  portion  of   liver  pft*^ng   lungitudinjill)'  through   u  < 
'  hepatic  vein*  from  tin  pig     11,  hepatic  van  igainst  which  tbe  wide*  of  the 

lobuW  [I]  are  applied  ;  k,  h,  A,  sublobubu  inn,  on  whit  h  the  baae*  of  the 

lobuli  through  the  coat*  "t   which  they  arc  *een  ns  polygonal  figure*; 

hi-,  opening  into  the  aublohuli  hitralobiilai 

teine  tba/wa  rm^in^op  tin*  eantre  of  eoxni  f,  f,  out.  mirface  oi 

Uvef  ;     ,    .  win*  of  the  hepatic  venom  canal,  fen  polygonal  tawa  of  tb-> 

lubuh  Ktaruui.] 

1   1  2 
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particles,  as  well  as  a  varia  nut   of  gl 

KomH  ilibit    slow     R iboid     D 

together  by  a  very  delicate  sustentaeular  tissue,  continuous  with 
the  interlobular  connective  tissue, 

To  understand  the  distribution  of  the  Mood 
it  will   be  well   to  trace,  first,  the  two  blood 
which   enter   the   organ   on   the   under  surfao 
fissure,  viz.,  the  portal  vein,  hep  ryf  and  hi 


i   rtioo  of  ■  lobule  of  liver. 
in  which  i*  well 


bile  capillarie*  betw -i-en  I 
h\  capillarim.     x  350,     ( KUia  and  N 


ire  remarked j  all  three  run  in  company, 
on   longitudinal   section  is  shown  in  fig.  392.      Rnnuin 
through  the  substance  of  the  liver,  they  are  contained  in  staal 
channels  called  portal  canals,  their  in 
sheath  of  areolar  tissue  continuous  with  Ulissou's  Oftpov 

To   take    the    distribution    of    the    portal    vein    tirst  : — I: 
course   through    the   liver   tl  \es  off  bi 

which  divide  and  subdivide  Mwttn  the  lobules  stimmn 
and  limiting  them,  and  from  this  c ire nuistanoe  call*  ilmlar 

veins.     Prom  these  vessels  b  d«ns'  ■  -.i  pi  limy  nctwni 
into  tip  of  the  lobule,  aud  this  netv  urges  to  n 

single  siuall  vein,  occupying  the  centre  of  the  1<>I 
called  infra-lobulai       This  arrangement  is  well  Be  _    393, 

which  repreaei  tion  of  n  small  pio<  Injected  1 

The  small    intra  lobular    v  1  in-  e   thotT    conttutl 

veins  rilled   «*/>lobular  (h  h  A,  fig.  304)  :    wbi 
their  union,  form  the  main   branches  of  the  <ins 
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loa\r  tin-  )»»h'!-iur  bonier  of  tin-  Iiv<t  !<>  »  1 1«  1  l»\  t\v<>  <t  time 
principal  trunks  in  the  interior  wiui  cava,  just  before  its  passage 
through  the  diaphragm.  The  suh-lobular  and  hejxitic  veins, 
unlike  the  portal  vein  and  its  companions,  have  little  or  no 
areolar  tissue  around  them,  and  their  coats  are  very  thin  ;  they 
form  little  mere  than  mere  channels  in  the  liver  substance  which 
closely  surrounds  them. 

The  hepatic  artery,  the  chief  function  of  which  is  to  distribute 
blood  for  nutrition  to  (Vinson's  capsule,  the  walls  of  the  ducts  and 
blood-vessels,  and  other  parts  of  the  liver,  is  distributed  in  a  very 


-   ■  .if if 


Yfg.  396. — Hepatic  cells  and  bile  capillaries,  from  the  liver  of  a  child  three  months  old. 
Both  figures  represent  fragments  of  a  section  carried  through  the  periphery  of  a  lobule. 
The  red  corpuscles  of  the  blood  are  recognised  by  their  circular  contour ;  v p,  corresponds 
to  an  interlobular  vein  in  immediate  proximity  with  which  are  the  epithelial  cells  of 
the  biliary  ducts,  to  which,  at  the  lower  part  of  the  figure*,  the  much  larger  hepatic 
oells  suddenly  succeed.     (E.  Hering.) 


similar  manner  to  the  portal  vein,  its  blood  being  returned  by 
'  small  branches  which  pass  into  the  capillary  plexus  of  the  lobules 
•  which  connects  the  inter-  and  mtrw-lobular  veins. 

The  hepatic  duct  divides  and  subdivides  in  a  manner  very  like 
that  of  the  portal  vein  and  hepatic  artery,  the  larger  branches 
being  lined  by  columnar,  and  the  smaller  by  small  polygonal 
epithelium. 

The  bile-capillaries  commence  between  the  hepatic  cells,  and 
are  bounded  by  a  delicate  membranous  wall  of  their  own.  They 
are  always  bounded  by  hepatic  cells  on  all  sides,  and  are  thus 
separated  from  the  nearest  blood-capillary  by  at  least  the  breadth 
of  one  cell  (figs.  395  and  396). 

To  demonstrate  the  intercellular  network  of  bile-capillaries, 
Chrzonszezewsky  employed  a  method  of  natural  injection.  A 
saturated  aqueous  solution  of  sulph-indigotate  of  soda  is  introduced 
into  the  circulation  of  dogs  and  pigs  by  the  jugular  vein.  The 
animals  are  killed  an  hour  and  a  half  afterwards,  and  the  blood- 
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i  free  from  h  dcd   wit 

The  bifoducta  arc*  then  n«*ei  *h  bbc  ad 

with  red   material.       If  the  animal*  u 
thi*,  the  pigment  is  found  th*  Iwpai 

i  r  agency  that  (be  tmk 


and   KupftVr  have  maoe  this   *l»»wn  rtkbm 

en   the  hepatic  cells  ami    the    hile-cai.  Kfl  even  turn 

I  ia  ve  denionst ro  t  ed  t h e  e&jatfci  i  u .u  3 

the  oella  coram  tinicat  in g  i  t«?  intmeell ular  channels  with  1W 

adjoining  bile-canaliculi  (fig.  397'        It  i<*  import  twttbi 

iD&Kctlli  are  always  separated  by  at  least  a  portico  tfi 


skftrhej"  illuMtnitiiw  '  •-ommencetnent  of  the  trilc-taaibal 


I 


l    Klipff«M         A  ,  Fftl 

with  Berlin  blue  nute  twig*  vhiefe. 

Into  tljp  livi«r-cellji,  arwl  there  terminal  .  .trjrenienta.    B,  fwf  • 

naturally  injected  with  »ijl}>h-indi#oUte  of  soda.  A  »iiniUr appearance  atfaagrf 
Tuit  (I.,     uniiriunii  iiting  twig*  are  ramified, 

4U*11    from  tin  iMHUnpiUaru's,  and  that    the  forn 

bile  ii  no  mere  transtidfttioo  from  the  blood  «>r  lymph*     T 
nils   take  certain   materials  ft-otn   the  lymph   ami   elaWtnUr  tk 
constituents  of    tin*  bile,  the   bil<h*mlta    and    the   bile 
There  can  In-  no  doubt   that  thes 
hepatic  cells,  for  they  are  nol  found  in  the  blood  1 
organ  or  tis  od  after  extir]  r*   tlie   liwr  rl 

accumulate  in  the  Mi**!. 

Intracellular  eanaliculi  in  the  liver-cells  are  not  unique.     Rtest 
Wtttarch   >  method  has   shown  that   m   the  salivary  iai 

gastrv  and  in  the  pancreas,  there  is  a  similar  conditio  cf 

The  Gall-bladder  (a,,  b.,  %.  390)  is  a  prriform  bag,  at' 
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the  tinder  surface  of  the  liver,  and  support^  also  by  the  peri- 
ttieum.  which  passes  In-low  it.    The  larger  end  or  fundus,  pro] 
eyond   the  front    margin    of   the   liver:    while  the  smaller  end 
ts  into  the  cystic  duet, 

— The  walls  of    the  gull- bladder    are  constructed   of 

free  principal  coats.     (1)  Externally  ogthat  purl  which 

in  contact  with  the  liver)  is  t Jm  it,  which  has  the  same 

ire  a_s  the  peritoneum  with  which  it  is  continuous.     Within 

(2)  the  flhroua  or  areolar  coat*  with  which   is  mingled  a 

msiderable  number  of  plain   muscular  fibres,  both   longitudinal 

id  circular     (3)   Internally  the  gall-bladder  is  lined  by  mucous 

latnhrane,  and  a  layer  of  columnar  epithelium.     The  surface  of 

nucous   membrane  presents   to   the   naked   eye   :»   minutely 

Soneycombel  appearance  from  a  number  of  tiny  polygonal dspres- 

with    intervening  ridges,    by   which   its  I    mapped 

■  of.       hi    tin    cystic  dud    the  mucous   membrane   is  raised   up  in 

ie  form  of  crescentic  folds,  which  together  appear  like  a  spiral 

dve,   and    which   assist   the  trail  bladder  in   retaining   the    bile 

hiring  the  intervals  of  digestion, 

The  gall  bladder  and  all   the  main   biliary  'bats  are    provided 
utb  mucous  glands,  which  open  on  the  internal  surface, 

Functions  of  the  Liver* 

The  functions  of  the  liver  are  connected  with  the  general 
hatabolisrc  of  the  body  ;  these  are  especially  in  connection  with 
ie  metabolism  of  carbohydrates  (glycogenic  function);  and  in 
mui'i  ti« hi  with  the  metabolism  of  nitrogenous  material  (fbrxna- 

ioii  of  urea  and  uric  acid).    Tins  second  function  we  shall  dj 
kith  the  urine.      The  third  function  is  the  formation  of  bile,  which 
auat  very  largely  be  regarded  as  a  subsidiary  one,  bile  containing 
ie  waste  products  of  the  liver,  the  results  of  its  other  activities, 
This,  however,  it  will  be  convenient  to  take  first. 

Bile. 

Bile    is    the  secretion  of   the    liver  which   is  poured  into  the 

luodenum  ;  it  fins  been  collected  in  living  animals  bj  means  of  a 

iliary  fistula;  the  same  operation  has  occasionally  been  performed 

11    human    beings.      After   death   the   gall  bladder  yields  a  good 

ipplyof  bile  whioh  is  more  concentrated  than  that  obtained  from 

fistula. 

Bile  is  being  continuously  poured   Into  the  intestine,  but  there 
an  increased   discharge   immediately  on  the  arrival  of  food   in 

the  duodenum  ;  there  is  n  second  increase  in  secretion  1  few 

hours  later. 
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Though  the  chief  blood  supply  of  the  liver  is  by  a  veiu  (the 
jtortal  vein),  the  amount  of  blood  in  the  liver  varies  with  itsawk, 
U-iiu?  increased  during  the  periods  of  digestion.  This  indue  to 
the  fact  that  in  the  area  from  which  the  portal  vein  collect*  Wood 
— stomach,  intestine,  spleen,  and  pancreas — the  arterioles  art  all 
dilated,  and  the  capillaries  are  thus  gorged  with  blood.  Further, 
the  active  peristalsis  of  the  intestine  and  the  pumping  action  of 
the  spleen  are  additional  factors  in  driving  more  blood  onward*  to 
the  liver. 

The  bile  being  secreted  from  the  portal  blood  is  secreted  it 
much  lower  pressure  than  one  finds  in  glands  such  as  the  aalivjrr 
trlands.  the  blood  supply  of  which  is  arterial.  Heideuhain  focal 
that  the  pressure  in  the  bile  duct  of  the  dog  averaged  15  mxtLii 
mercury,  which  is  about  double  that  in  the  portal  vein. 

The  second  increase  iu  the  flow  of  bile? — that  which  occur 
some  hours  after  the  arrival  of  the  semi -digested  food  (chyme) « 
the  intestine — apj>ears  to  l>e  due  to  the  effect  of  the  digesthr 
products  carried  by  the  blood  to  the  liver,  stimulating  the  hepatic 
cells  to  activity  :  this  is  supported  by  the  fact  that  protekl  fad 
increases  the  quantity  of  bile  secreted,  whereas  fatty  food  wbkk 
i*  absorbed,  not  by  the  portal  vein,  but  by  the  lacteals,  has  w 
such  effect. 

The  chemical  process  by  which  the  constituents  of  the  bfe 
are  formed  are  obscure.  We,  however,  know  that  the  biliuy 
pigment  is  produced  by  the  decomposition  of  haemoglobin.  fSB- 
rubin  is,  in  fact,  identical  with  the  iron-free  derivative  of  hauft- 
globin  called  luematoidin,  which  is  found  in  the  form  of  crwtik 
in  old  Mood-clots  such  as  occur  in  the  brain  after  cerebral 
1  Hemorrhage  (see  p.  416). 

An  injection  of  hiemoglobiu  into  the  portal  vein  or  of  sufcUra 
like  water  which  liberate  haemoglobin  from  the  red  blood  corpusde 
produces  an  increase  of  bile  pigment.  If  the  spleen  takes  an? 
part  in  the  elaboration  of  bile  pigment,  it  does  not  proceed  so  to 
as  to  liberate  haemoglobin  from  the  corpuscles.  Xo  free  hemo- 
globin is  discoverable  in  the  blood  plasma  in  the  splenic  veiu. 

The  amount  of  bile  secreted  is  differently  estimated  by  different 
observers  :  the  amount  secreted  daily  iu  man  varies  from  500  cc. 
to  a  litre  ( 1,000  cc). 

The  constituents  of  the  bile  are  the  bile  salts  proper 
(taurocholate  and  glvcocholate  of  soda),  the  bile  pigments  (bili- 
rubin, biliverdin),  a  mucinoid  substance,  small  quantities  of 
fats,  soaps,  cholesterin,  lecithin,  urea,  and  mineral  salts,  of 
which  sodium  chloride  and  the  phosphates  of  iron,  calcium,  and 
magnesium  are  the  most  imjxu'tant. 
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Bile  is  a  yellowish,  reddish-brown,  or  green  fluid,  aceording  to 
.  the  relative  preponderance  of  its  two  chief  pigments.     It  has  a 
.  musk-like  odour,  a  bitter-sweet  taste,  and  a  neutral  or  faintly 
alkaline  reaction. 

The  specific  gravity  of  human  bije  from  the  gall-bladder  is 
1026  to  1032  ;  that  from  a  fistula,  1010  to  10 11.  The  greater 
concentration  of  gall-bladder  bile  is  partly  but  not  wholly 
explained  by  the  addition  to  it  from  the  walls  of  that  cavity 
of  the  mucinoid  material  it  secretes. 

The  amount  of  solids  in  bladder  bile  is  from  9  to  14  per  cent., 
in  fistula  bile  from  1*5  to  3  per  cent.  The  following  table  shows 
that  this  low  percentage  of  solids  is  almost  entirely  due  to  want 
of  bile  salts.  This  can  be  accounted  for  in  the  way  first  suggested 
by  Schiff — that  there  is  normally  a  bile  circulation  going  on  in 
the  body,  a  large  quantity  of  the  bile  salts  that  pass  into  the 
intestine  being  first  split  up,  then  reabsorbed  and  again  secreted. 
Such  a  circulation  would  obviously  be  impossible  in  cases  where 
:    all  the  bile  is  discharged  to  the  exterior. 

The  following  table  gives  some  important  analyses  of  human 
;    bile:— 


Constituents. 


Sodium  glycocholate 
Sodium  taurocholate 
Cholesterin,  lecithin,  fat 
Mucinoid  material  . 
Pigment  . 
Inorganic  salts 


Total  solids 

Water  (by  difference) 


Fistula  bile 

(healthy  woman. 

Copemanand 

Winston) . 


06280 


Fistula  bile  (case        *jrt„„«i  v;iA 
of  cancer.   Yeo         ^SSS^ 
andHerroun,.     I      (French*). 


0-0990 
OI725 
00725 
04510 


I4230 
985570 


OI 65 
0055 
0038 

0148 

0878 


1284 
98716 


914 
Il8 
298 
078 


1408 
8592 


Bile  Mucin. — There  has  been  considerable  diversity  of  opinion 
as  to  whether  bile  mucin  is  really  mucin.  The  most  recent  work 
in  Hammarsten's  laboratory  shows  that  differences  occur  in 
different  animals.  Thus  in  the  ox  there  is  very  little  true  mucin, 
but  a  great  amount  of  nucleo-proteid ;  in  human  bile,  on  the 
other  hand,  there  is  very  little  if  auy  nucleo-proteid  ;  the  mucinoid 
material  present  there  is  really  mucin. 
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The  Bile  Salts* — The  b  dam   the  cu» 

1    the    bile  acid*  on* 

frequently    found    arc    glyoocfaolic  T\» 

the  more  abundant   in  the  bite  od  i&m 

the   latter   in    carnivorous   anhnalw,    like    I  Tl*e  tn« 

important  differenoe  between   the   n\«>  acids  is  that  uuroddi 
acid  o  ailphur,  and  glyeochd 

Glycocholic  acid  (CasH^NOg)  is  -  irifr 

and  alkali-  a  flu-  intt -tin. -.  hydn 

gfyooeme  or  atnido  1  and  eholalic  acid. 

Tin  glyoocholate  of  sod  the  formula  r^H 

Taurocholic  acid  (*    ,ltr^M7>l  similarly  splits  info  tuana 
Lhionic  acid  and  eholalic  acid, 

taurocholic  taurine] 


The  tauroeholatc  of  soda  formula  (»}HhN;lV 

The  colour  n  ailed   Pettenkofer's  reaction,  ii 

the   preaence  ie   acid.     Small   quantities  of  cane  umw 

and  itrcmg  sulphuric  acid  are  added  to  the   bile.     The  sulpfctiv 
acid  acting  on  sugar  forms  a  small  quantity  of  a  subetai* 
thytlt)  in  addition  toother  products.     The  furfur 
sa  brilliant  purple  ooloui  with  eholalic  acid. 
The  Bile  Pigments. — The  two   chief   bile   p  aft  \m\ 

rubin    and    biliverdin.      Bile    which  :he  furaff 

ch  is  dog's  bile)  ia  of  a  golden  or  orange-yellow  cuJ 
the  bile  <>f  many  herbivora,  which    contains   chiefly  biliverdi 
eith  or  bluish-green.      Human  bile  is  g 

as  containing  chiefly  bilirubin,  but   there   have   been  sonic 

rihed  in  which  biliverdin  wan  in  »: 
sh<>\\    do  absorption  bands  with   the 
front  the  blood  pigment  has  already  I  ted. 

Bilirubin  has  the  formula  ficH^X^^  :    it    i>  thus  an  ii 
derivative  of  hemoglobin.      The  iron  is  apparently  stored  > 
the  liver  cells,  perhaps  for  future  use   in  the  manufacture  irf  n** 
hlBtnogtobin.     The  bile  contains  only  a  trace  of  iron. 
Biliverdin  has  the  formula  r|r  JI^Nj^  (m>.  am 
re  than  in  bilirubin    :  cur    ls  such  in  bile  ;  it  n, 

formed  by  simply  exposing  red  bile  to  the  oxidising  action  of  U* 
m -sphere  :  or  it  may  be  formed  as  in  Gmelin's  teel  omr 

^oroni  oxidation  produced  by  fuming  nitri 
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Gmelin's  test  consist*  in  a  play  of  colour* — green,  blue,  red, 
and  finally  yellow,  pmdiued  h\  ill.  oxidising  aotion  uf  fuming 
nitric  acid  (that  is,  nitric  acid  containing  nitrous  seid  in  solution*). 

lii-    v\m\  or  yellow  prinluet  i.s  called  rltnf<uhttf  < 'ir.H|MN-j*Vi- 

Hydrobilirubin. —  If  a  solution  of  bilirabin  or  hiliverdiu  in 
dilute  alkali  is  treated  witli  sodium  amalgam  or  allowed  to 
putrefy,  a  brownish  pigment,  which  is  a  reduction  product,  i> 
formed  called  hydrobilirubin, (  irJIn^W  With  the  spectroscope 
it  shows  a  dark  absorption  baud  between  h  and  K,  and  1  fainter 
baud  in  the  region  of  the  D  line. 

Tins  substance  is  interesting  because  a  similar  subetani 
Hid    from    the    bile    pigment   by   reduction    processes    in   the 
intestine,  and  constitutes  iferaftt/Mlj  the  pigment  of  the  fta 
Some  of  this  is  absorbed  and  ultimately  leaves  the  body  in  the 
urine  as  one  of  its  pigments  called  urohilin.      A  small  ipuuitit; 
urobilin  i*  sometimes  found  preformed  in  the  bile.     The  identity 
urobilin  and  BteroobUin  has  been  frequently  disputed,  but   the 
ent    work    of   fiarrod    and    Hopkins    has   confirmed  the    old 
l&ement    that    they  are    the    same    substance    with    different 
kmee.      Hydrobilin    differs    from    urobilin    in    containing   much 
1  iore  nitrogen  in  its  molecule  (92  instead  of  4*1  percent.), 

Cholesterin. —-This  substance  is  contained  not  only  in  bile,  but 
very  largely  in  nervous  tissues,  Like  lecithin,  it  is  an  abundant 
tuent  of  the  white  substance  of  Schwann.  It  is  found  also 
u  blood  corpuscles,  In  bile  it  is  normally  present  in  small 
piant ities  only,  but  it  may  occur  in  excess,  and  form  the  concre- 
tions known  as  gall-stones,  which  are  usually  more  or  less  tinged 
nth  bilirubin. 

Though  its  solubilities  remind  ouo  of  a  fat,  cholesterin  is  not  a 
&t.      It  is,  in  fact,  chemically  speaking,  1  immatonric  alcohol.     Its 
formula  is  C'.^H^Jb  >. 

Prom  alcohol  or  ether  containing  water  it.  crystallises  in  the 
»nn  of  rhombic  tables,  which  contain  one  molecule  of  ffatef  of 
rstallis.it ion  :   these  are  easily  recognised  under  the  microscope 
(see  %  398). 

It  gives  the  following  colour  tests  : — 

1.  With   bdine  and   coin  ent  rated   sulphuric  acid  the  crystals 
rive  a  play  of  red,  blue,  and  green. 

2.  Heated  with  sulphuric  acid  and  water  (5  :  1)  the  edges  of 

h  eryatak  turn  red. 

t,  \  solution  of  cholesterin  in  chloroform,  shaken  with  an 
]iial  amount  of  concentrated  sulphuric  acid,  turns  red,  and  ulti- 
lately  purple,  the  subjacent   acid  acquiring  S  green  fluorescence. 

(Salkowisks9  reaction,) 
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in   the    blood,  or  iu  out    known;  nor  bu 

determined  conch;  I  from  sdl 

nervous  matter.      It    is  also  doubtful  if  wr 
snbstan  u»   the   IhmI 

nervous  matter*  in  the  egg,  -^etaUr 
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-1    fat      tt  das 
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with    chloroform    and    Aiilphntf 

The  Uses  of  Bile* — One  of  the  i  k  facta 

cerning  the  bile  is  iti  apparently  small   use  in   the 
food.     It  is  doubtless,  to  a  huge  axtent 
that  it  has  a  alight   actioo  on  fata  and  carbohydrate^  but 

appears  tu  he  rather  a  coadjutor  to  tin    pain  reatie  jui- 

iti  tij  m   of  fat)  than  ti»  have  any  indei>endent  di; 

activity. 

Bile  is  Haiti  to  be  a  natural  antiseptic,  lessening  the  j 
processes  in  tin*  intestine.      This  is  also  very  douhtf 
the   bile   salts   are   weak  antiseptics,  the    bile    itself  is  readih 
putrescible,  and  the  power  it   has  of  diminishing  putrescence  i 
the  intestine  is  due  chiefly  to  the  tad  that  by  inereasisig  ah 
tion  it  lessens  the  amount  of  putrescible  matter  in  the  Ikjwl'I. 

When  the  bile  meets  the  chyme  the  turbidity  of  tl 
increased  owing  to    the    precipitation  of    itnpe]  pn 

This  is  an  action  due  to  the  bile  Baits,  and  it   baa  been 
that  this  conversion  of  the  chyme  into  a  tie  d  mass  b  I 

hinder  somewhat  its  progress  through  the  Intestines  ,  it  clings  t 
the  intestinal  wall,  thus  allowing  absorption  to  take  | 

Bile  is  alkaline ;  it  therefi  be  in  the  pan 

neutralising  the  acid  mixture  that  leaves  the  stoma 

Bile  assists  the  absorption  of  fats,  as  we  shall  > 
that  subject      It  is  also  a  solvent  of  fatty  acids. 
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\\  v  have  seen  that  listula  l>ile  is  poor  in  *<>]i<ls  a*  i;omp;irc« I 
with  normal  bile,  and  that  this  is  explained  on  the  supposition 
that  the  normal  bile  circulation  is  not  occurring — the  liver  cannot 
excrete  what  it  does  not  receive  back  from  the  intestine.  Schiff 
was  the  first  to  show  that  if  the  bile  is  led  back  into  the 
duodenum,  or  even  if  the  animal  is  fed  on  bile,  the  percentage 
of  solids  in  the  bile  excreted  is  at  once  raised.  It  is  on  these 
experiments  that  the  theory  of  a  bile  circulation  is  mainly  founded. 
The  bile  circulation  relates,  however,  chiefly,  if  not  entirely,  to 
the  bile  salts  :  they  are  found  but  sparingly  in  the  f«eces  ;  they 
are  only  represented  to  a  slight  extent  in  the  urine  :  hence  it  is 
calculated  that  seven-eighths  of  them  arc  re-absorbed  from  the 
intestine.  Small  quantities  of  cholalic  acid,  taurine,  and  glycocine 
are  found  in  the  fieces  ;  the  greater  part  of  these  products  of  the 
decomposition  of  the  bile  salts  is  taken  by  the  portal  vein  to  the 
liver,  where  they  are  once  more  synthetised  into  the  bile  salts. 
Some  of  the  taurine  is  absorbed  and  excreted  as  tauro-carbamic 
acid  in  the  urine.  Some  of  the  absorbed  glycocine  may  be 
excreted  as  urea  or  uric  acid.  The  cholesterin  and  mucus  are  found 
in  the  fseces  ;  the  pigment  is  changed  into  stercobilin,  a  substance 
like  hydrobilirubin.  Some  of  the  stercobilin  is  absorbed,  and 
leaves  the  body  as  the  urinary  pigment,  urobilin  (see  p.  491). 

The  bile-expelling  mechanism  must  be  carefully  distin- 
guished from  the  bile-secreting  action  of  the  liver-cells.  The  bile 
is  forced  into  the  ducts,  and  ultimately  into  the  duodenum,  by 
the  pressure  of  newly-formed  bile  pressing  on  that  previously  in 
the  ducts,  and  this  is  assisted  by  the  contraction  of  the  plain 
muscular  fibres  of  the  larger  ducts  and  gall-bladder,  which  occurs 
reflexly  when  the  food  enters  the  duodenum.  In  cases  of  obstruc- 
tion, as  by  a  gall-stone,  in  the  ducts,  this  action  becomes  excessive, 
and  gives  rise  to  the  intense  pain  known  as  hepatic  colic. 

Many  so-called  cholas/wjues  (bile-drivers),  like  calomel,  act  on  the 
bile- expelling  mechanism  and  increase  the  peristalsis  of  the  mus- 
cular tissue  ;  they  do  not  really  cause  an  increased  formation  of  bile. 
Jaundice. — The  commonest  form  of  jaundice  is  produced  by 
obstruction  in  the  bile,  ducts  preventing  the  bile  entering  the 
intestine.  A  very  small  amount  of  obstruction,  for  instance,  a 
plug  of  mucus  produced  in  excess  owing  to  inflammatory  processes, 
will  often  be  sufficient,  as  the  bile  is  secreted  at  such  low  pressure. 
Under  these  circumstances,  the  fceces  are  whitish  or  clay  coloured, 
and  the  bile  passing  backwards  into  the  lymph,*  enters  the  blood 


*  The  absorption  is  by  the  lymph,  because  if  jaundice  is  produced  in 
an  animal  by  ligature  of  the  bile  duct,  it  will  cease  when  the  thoracic 
duct  is  tied. 
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and  is  thus  distributed  over  the  body,  causing  a  yellow  tint  :u  th? 
skin  and  mucous  membranes,  and  colouring  the  urine  deeply. 

In  some  cases  of  jaundice,  however  {e.g.  produced  by  various 
poisons),  there  is  no  obvious  obstruction  ;  the  causes  of  non- 
obstructive, or  blood-jaundice,  form  a  pathological  problem  y! 
some  interest.  A  few  years  ago  it  was  believed  that  the  Wk 
pigment  was  actually  produced  in  the  blood.  But  all  recent  ¥«k 
shows  that  the  liver  is  the  only  place  where  production  of  Uk 
occurs,  and  that  in  all  cases  of  so-called  non-obstructive  jaundice, 
the  bile  is  absorbed  from  the  liver.  There  may  be  obstnicti/j 
present  in  the  smaller  ducts,  or  the  functions  of  the  liver  may  t« 
so  upset  that  the  bile  passes  into  the  lymph  even  when  there  x 
no  obstruction. 

The  Glycogenic  Function  of  the  Liver. 

The  in»i>ortaut  fact  that  the  liver  normally  forms  sugar,  or  a 
substance  readily  convertible  into  it,  was  discovered  by  Clank 
liernard  in  the  following  way  :  he  fed  a  dog  for  seven  days  villi 
food  containing  a  large  quantity  of  sug^ar  and  starch  ;  and,  *i 
miudit  be  expected,  found  sugar  in  l>oth  the  portal  and  hepatic 
blood.  l»ut  when  this  dog  was  fed  with  meat  only,  to  his  so- 
prise.  Minar  was  still  found  in  the  blood  of  the  hepatic  veins. 
Kepcated  experiments  gave  invariably  the  same  result  ;  no  >ug»r 
\\a^  found,  under  a  meat  diet,  in  the  portal  vein,  if  care  were 
taken,  by  applying  a  ligature  on  it  at  the  transverse  fissure,  to 
prevent  reriux  of  blood  from  the  hepatic  venous  system.  Bernard 
found  Miirar  also  in  the  substance  of  the  liver.  It  thus  seemed 
eertain  that  the  liver  formed  sugar,  even  when,  from  the  absence 
oi  saccharine  and  amyloid  matters  in  the  food,  none  could  haw 
been  brought  directly  to  it  from  the  stomach  or  intestines. 

Ucrnard  found,  Mibsequently  to  the  before-mentioned  experi- 
ments, that  a  liver,  removed  from  the  body,  and  from  which  all 
Miuai  -had  been  completely  washed  away  by  injecting  a  stream  of 
water  through  it>  blood-vessels,  contained  sugar  in  abundance 
after  the  lapse  of  a  few  hours.  This  post-mortem  production  of 
Mi^ar  was  a  fait  which  could  only  be  explained  on  the  supposition 
that  the  liver  contained  a  substance  readily  convertible  into  sugar; 
and  thi>  theory  \\a>  proved  correct  by  the  discovery  of  a  subbtatiee 
in  the  li\t-r  allied  to  .standi,  and  now  termed  gfycogrn. 

We  are  thiw  Kd  t  »  the  conclusion  that  glycogen  is  formed 
first  and  stored  in  the  liver  cells,  and  that  the  sugar,  when 
prcM-nt.  U  the  roult  of  it*  transformation. 

Sourer  <>/  <f'h/r<>,i,„.  —  Although  the  greatest  amount  of  glycogen 
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noduced   by  Tin    It  v.  r  upon  a  diet  of  starch  Of  saic.,u\  I  I  •■  rUiin 
Ultity  is  produced  Upon  a  jin^tei'l  diet.      It  must,  then,  he  pro- 
duced  by  protoplasmic  activity  within   the  cells.      The  glycogen 
in  stored  in   the  liver  ceils  may  readily  he  demonstrate 
of  liver  containing  it  by  its  reaction  (red  or  pori-n 
r)  with  iodine,  and  moreover,  when  the  hardened  sections  are 

ked  iu  water  it)  order  to  dissolve  out  the  glycogen  the  proto- 
Bm  of  the  cell  is  ho  vacuolated  as  to  appear  little  more  th 

rk.     In  the  liver  of  a  hibernating  frog  the  amount  of 
stored   up  in  the  outer  parts  of  the  liver  cells  is  very 

able. 

Amount  of  Glycogen   in  th*   liver  of  Dog*   und 

Dieti  (Tavy). 
Diet.  amount  of  Glycogen  in  Liver, 

lima)  food     ,..,,,,      7*19  per  cent 
Mm  il  food  with  sugar  (about  1  lb.  of  sugar  daily)   14*5        ff 
>le  diet  (potatoes,  with  broad  or  barley  -meal)    1  7  23        ,. 

dependence  of  the  formation  <*i"  glycogen  on  the  kind  of 
taken  is  also  well   shown  by  the  following   result*,  obtained 
the  same  experimenter: — 

Quantity  of  Glycogen  found  in  the  Liver  of  R&biriU  q 
ind  after  a  Diet  of  Starch  and  Sugar  reepectiwly. 

Average  Amount  of  Glycogen  in  Liver, 
fasting  for  three  days         ,         .     Practically  absent. 
„     diet  ot  atareh  and  grap&augar     .     15  4  per  cent. 
„      oaaawngar      .         ,         .     ifrq 

The  diet  most  favourable  to  the  production  of  a  large  amount 

mixed  diet   containing  a  large   amount   of   carbo- 
Irate,    but     with    some    prOteld.       lint    fat*    taken    in    as    foisl 

rmt  increase  its  amount  in  the  cells.     Glycerin  injected  into 

if tary   canal    may   increase  the   glycogen   of   the  liver, 

uii.U  because  it  hinders  the  conversion  of  plycoj^en  into  > 

1    other   .substances;    the   glycogen    therefore   is   allowed    to 

K  cumulate  in  the  liver, 
Deathhttt.m  of  Glycogen, — There  are  two  chief  theories  at 
m million  of  hepatic  glycogen.     (1.)  That  the  glycogen  is 
converted  into  sugar  during  life  by  the  agency  of  a  ferment  (liver 
dia&Ui&c)  also  formed  in  the  liver  ;   and  that  the  sugar  K  COUV4 
away  by  the  blond  of  the  hepatic  veins,  to  undergo  combustion  in 
the  tissues,     (2.)  That  the  conversion  into  sugar  only  occurs 

after  death,  and  that  during  life  no  Btlg  in  health v  h 

glycogen  not  undergoing  this  transformation. 
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The  first  view  is  that  of  Claude  Bernard,  and  has  \xx\\  ;idoptfl 
by   the  majority  of  physiologists.      The  second  view  is  tta  .  i 
l>r.  Pavy  :  he  denies  that   the  liver  is  a  sugar-forming  orpin,  k 
regards  it  as  a  sugar-destroying   organ;  the  sugar  is  stored  & 
animal  starch,  but  never  again   leaves  the  liver  as  sugar  d\irb^ 
life.      He  has  Wen  unable  to  rind  more  sugar  in  the  hepatic  Uol 
than  in  the  i>ortal  1>1imk1.     Other  observers  havcfoiuid  an  inert** 
in  the  sugar  of  the  blood  leaving   the    liver,  hut  the  wtiibAtw. 
of  sugar  in  a  fluid  rich  in   proteids,  as    is  the  blood,  is  a  matter 
of  great  difficulty.      Kven  if  the  increase  is  so  small  as  hardly  in 
be  detected,  it  must  be  remembered  that  the  whole  blot*]  of  the 
body  passes  through  the  liver  at   least   twice  a  minute,  s»tha:i 
very  small  increase  each  time  would  mount  up  to  a  large  total. 

Pavy  further  denies  that  the  jxjst-mortrm  formation  of  ma 
from  glycogen  that  occurs  in  an  excised  liver  is  a  true  picture 
of  what 'occurs  during  life,  but  is  due  to  a  ferment  which  boulj 
formed  after  death.  During  life,  he  regards  the  glycogen* a 
source  of  other  substances,  like  fat  and  protvid.  It  is  i-erUinh 
a  fact  that  increase  of  carbohydrate  food  leads  to  the  formatix 
of  fat  in  the  body  and  in  the  fiver-cells.  Ln  supi>ort  of  thetheon 
that  glycogen  may  also  lead  to  the  formation  of  proteids,  he  his 
shown  that  many  proteids  contain  a  carbohydrate  radicle. 

The  whole  cjucstion  is  in  a  very  unsettled  state,  and  is  undtr 
keen  discussion  at  present.  We  may  state,  however,  that  the 
prevalent  opinion  is  that  the  liver-cells  may  l>e  able  to  couvat 
part  of  the  store  of  glycogen  into  fat,  but  that  most  of  the 
glycogen  leaves  the  liver  as  sugar,  so  justifying  the  name  (literally, 
mother  substance  of  sugar)  given  to  it  by   Bernard. 

Carbohydrate  metabolism  is  thus  a  series  of  hydrations  aid 
dehydration*  before  combustion  finally  occurs.  Starch  'u  first 
hydra  ted  in  the  alimentary  canal  to  form  sugar.  This  passes  W 
the  liver,  where  it  is  dehydrated  to  form  glycogen,  or  animal 
starch  ;  and  finally  hydra  ted  once  more  to  pass  to  the  tissue*  a- 
Mig-ir.  when-  it   undergoes  combustion. 

Diabetes.  In  eertain  disorders  of  hepatic  metaWism,  uV 
glycogenic  function  is  upset,  and  excess  of  sugar  passes  into  tlw 
blood,  leaxing  the  body  in  the  urine  Q/lycwHrnt).  This  may  W 
due  to  an  inciva-ed  formation  of  sugar  from  glycogen,  or  to  a 
diminished  Ionu.Jtion  nf  olNV<^oll  frmn  the  augj;r  Qf  tl,e  p^tf 
N'hmI.  accord.,^  ;l>  either  hernard's  or  Paw's  view  of  the  liw 
junction  is  a.luptod.      ln  many  eases  the  diabetic   condition  u»t 

food  iuum  he  n-tdly  aWvWvV  Ww. 

In  oiWv  V'ASOS,  vAvw\\  axc  \x\v\A\    vwox.    wstvovv*,  **«x  W»»\s& 
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or  no  difference.     Under  these  circumstances  the  sugar  must  come 
from  the  metabolism  of  the  proteid  constituents  of  protoplasm. 

The  disease  diabetes  is  not  a  single  one ;  the  term  includes 
many  pathological  conditions,  which  all  possess  in  common  the 
symptom  of  excess  of  sugar  in  the  blood  and  urine. 

A  diabetic  condition  may  be  produced  in  animals  artificially  in 
several  ways : — 

(i)  By  diabetic  puncture. — Claude  Bernard  was  the  first  to 
show  that  injury  to  the  floor  of  the  fourth  ventricle  in  the  region 
of  the  vaso-motor  centre  leads  to  glycosuria.  The  injury  produces 
a,  disturbance  of  the  vaso-motor  mechanism,  but  diabetes  cannot 
V>e  regarded  as  purely  vaso-motor  in  origin. 

This  condition  is  of  interest,  because  brain  disease  in  man, 
especially  in  the  region  of  the  bulb,  is  frequently  associated  with 
glycosuria. 

(2)  By  extirpation  of  the  pancreas. — This  is  alluded  to  on 
p.  480. 

(3)  By  administration  of  phloridzin. — Many  poisons  produce 
temporary  glycosuria,  but  the  most  interesting  and  powerful 
of  these  is  phloridzin.  The  diabetes  produced  is  very  intense, 
Phloridzin  is  a  glucoside,  but  the  sugar  passed  in  the  urine  is  too 
great  to  be  accounted  for  by  the  small  amount  of  sugar  derivable 
from  the  drug.  Besides  that,  phloretin,  a  derivative  of  phloridzin, 
free  from  sugar,  produces  the  same  results. 

Phloridzin  produces  diabetes  in  starved  animals,  or  in  those  in 
which  any  carbohydrate  store  must  have  been  got  rid  of  by  the 
previous  administration  of  the  same  drug.  Phloridzin-diabetes  is 
therefore  analogous  to  those  intense  forms  of  diabetes  in  man  in 
which  the  sugar  must  be  derived  from  protoplasmic  metabolism. 

Acetonemia. — Death  in  diabetic  patients  is  usually  preceded 
by  deep  coma,  or  unconsciousness.  Some  poison  must  be  pro- 
duced that  acts  soporifically  upon  the  brain.  The  breath  and 
urine  of  these  patients  smell  strongly  of  acetone ;  hence  the 
term  acetr/ncemisi.  This  apple-like  smell  should  always  suggest 
the  possible  onset  of  coma  and  death,  but  it  is  exceedingly 
doubtful  whether  acetone  (which  can  certainly  be  detected  in  the 
urine)  is  the  true  poison ;  ethyl-diacetic  acid,  which  accompanies, 
and  is  the  source  of  the  acetone,  was  regarded  by  some  as  the 
actual  poison,  but  these  substances,  when  introduced  into  the 
circulation  artificially,  do  not  cause  serious  symptoms.  The 
actual  poison  is  a  matter  of  doubt ;  the  idea  most  in  vogue  at 
present  is  that  it  is  hydroxybutyric  acid,  which  is  discoverable 
in  the  blood  and  urine  of  the  patients  who  die  from  so-called 
acetonemia. 

k.p.  k  is. 
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The  Nerves   of  the  Liver. 

Claude  Bernard  observed  that  an  increase  of  sugar  hi  the  Wood 
is  brought  about  by  stimulation  of  the  central  and  periphenl 
ends  of  the  divided  vagus,  and  that  on  the  section  of  both  ne 
sugar  disappears  from  the  blood,  and  glycogen  from  the  liver  aii 
tissues  generally.  These  result*  have  been  confirmed  hi  ram 
experiments,  and  it  has  been  in  addition  found  that  sthuuktiai 
of  the  coeliac  plexus  also  leads  to  a  loss  of  glycogen  in  the  h% 
with  a  corresponding  production  of  glucose  that  passes  into  the 
blood.  The  disappearance  of  glycogen  from  the  liver  cells  after 
the  stimulation  of  these  nerves  can  also  be  seen  histologkaDj 
(Cavazzani).  These  results  are  due  to  a  direct  influence  of  tie 
nerves  on  the  liver  cells,  for  they  are  obtained  while  the  enenb- 
tion  is  intact,  or  when  it  is  stopped  by  a  ligature  of  the  torn 
and  portal  vein  (Morat  and  Dufourt). 

Va*o- motor  nerves. — The  vaso-constrictor  fibres  for  the  pond 
vein  leave  the  spinal  cord  in  the  third  to  the  eleventh  thoaac 
nerves  inclusive  (Bayliss  and  Starling).  The  nerves  of  the  bepttie 
artery  are  constrictors  contained  in  the  splanchnic,  and  diktikn 
in  both  splanchnic  and  vagus. 


CHAPTER   XXXIV. 

THK   ABSORPTION   OF    FOOD. 

Food  is  digested  in  order  that  it  may  be  absorbed.  It » 
absorbed  in  order  that  it  may  be  assimilated,  that  is,  become  n 
integral  part  of  the  living  material  of  the  body. 

The  digested  food  thus  diminishes  in  quantity  as  it  fWM 
along  the  alimentary  canal,  and  the  fceces  contain  the  undigerted 
or  indigestible  residue. 

In  the  mouth  and  oesophagus  the  thickness  of  the  epithelial 
and  the  quick  passage  of  the  food  through  these  parts  redwe 
absorption  to  a  minimum.  Absorption  takes  place  more  raptih 
in  the  stomach  :  the  small  intestine  with  its  folds  and  villi  to 
increase  its  surface  is,  however,  the  great  place  for  absorption;  ud 
although  the  villi  are  absent  from  the  large  intestine,  absorption 
occurs  there  also,  but  to  a  less  extent. 

Fowls  such  as  water  and  soluble  salts  like  sodium  chloride  are 
absorbed  unchan^d.  T\\c  ot^ayvr.  V*A»  *x^  Vtssfreroct  (Muskier- 
ablv   chansred,    eo\V\<\   \\w\\.oxtf\\*  W*   *toecc&Y  *sx^  ^«&KK>*«t 
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converted    respectively  into  the  diffusible  materials  sugar  and 
peptone. 

There  are  two  channels  of  absorption,  the  blood-vessels  (portal 
capillaries)  and  the  lymphatic  vessels  or  lacteals. 

Absorption,  however,  is  no  mere  physical  process  of  osmosis 
and  filtration.  We  must  also  take  into  account  the  fact  that  the 
cells  through  which  the  absorbed  substances  pass  are  living,  and 
in  virtue  of  their  vital  activity  not  only  select  materials  for 
absorption,  but  also  change  those  substances  while  in  contact 
with  them.  These  cells  arc  of  two  kinds — (i)  the  columnar 
epithelium  that  covers  the  surface ;  and  (2)  the  lymph  cells  in 
the  lymphoid  tissue  beneath.  It  is  now  generally  accepted  that 
of  the  two  the  former,  the  columnar  epithelium,  is  the  more 
important. 

Absorption  of  Carbohydrates. — Though  the  sugar  formed 
from  starch  by  ptyalin  and  amylopsin  is  maltose,  that  found  in 
the  blood  is  glucose.  Under  normal  circumstances  little  if  any 
is  absorbed  by  the  lacteals.  The  glucose  is  formed  from  the 
maltose  by  the  succus  eutericus,  aided  by  the  action  of  the 
epithelial  cells  through  which  it  passes.  Cane  sugar  and  milk 
sugar  are  also  converted  into  glucose  before  absorption. 

The  carbohydrate  food  which  enters  the  blood  as  glucose  is 
taken  to  the  liver,  and  there  stored  up  in  the  form  of  glycogen — 
a  reserve  store  of  carbohydrate  material  for  the  future  needs  of 
the  body.  Glycogen,  however,  is  found  in  animals  who  take  no 
carbohydrate  food.  It  must,  then,  be  formed  by  the  proto- 
plasmic activity  of  the  liver  cells  from  their  proteid  constituents. 
The  glycogenic  function  of  the  liver  is  discussed  in  the  chapter 
preceding  this.  Glucose  is  the  only  sugar  from  which  the  liver 
is  capable  of  forming  glycogen.  If  other  carbohydrates  like  cane 
sugar  or  lactose  are  injected  into  the  blood-stream  direct,  they  are 
unaltered  by  the  liver,  and  finally  leave  the  body  by  the  urine. 

Absorption  of  Proteids. — A  certain  amount  of  soluble 
proteid  is  absorbed  unchanged.  Thus,  after  taking  a  large 
number  of  eggs,  egg  albumin  is  found  in  the  urine.  Patients 
fed  per  rectum  derive  nourishment  from  proteid  food,  though 
proteolytic  ferments  are  not  present  in  this  part  of  the  intestine. 
Most  proteid,  however,  is  normally  absorbed  as  peptone  and 
proteose  (albumose).  Peptones  and  proteoses  are  absent  from 
the  blood  under  all  circumstances,  even  from  the  portal  blood 
during  the  most  active  digestion.  In  other  words  during  absorp- 
tion the  epithelial  cells  change  the  products  of  proteolysis 
(peptones  and  proteoses)  back  once  more  into  native  proteids 
(albumin  and  globulin). 
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The  greater  faut  of  the  pruteid  absorbed  pa*- 
•  little  into  the  lymph  Teasels  also 


.en  peptittr  (using  the-  wr.nl    Id   include  the  protec- 
ts  itr  •jJSOOOtlS  ct\  tn|«^ 

the  oufttrulahtlity  of  th 

secretion  oensm,  and  in  the  d*  g 

kilogramme  of  body  weight  is  sufficient  to  kill  the  animal. 

Th  al  cells  !itnentarjr  canal 

frutu  throe  poisooooa  effect*  hv  conver  harmful  pv^tav 

useful  albumin* 
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AbBorption  of  Fats.-  -Tlie  fata  undergo  hi  the  into 
changes:  our  a  physical  change  (emulaification),  ri- 
chemical  change  (saponification).     The  lymphatic  vessels  an  to 

i    channels    for   fat  absorption,  and   their    uann 
derived  from  the  milk-like  appearance  of   their 
during  the  absorption  of  (at 

The    wraj   in   wUkU  xW    u\V\wta  rekea  ^sa  from  the 

intestine  into  the  \avAea\s  Vxas  Wrv\  \W  «q\£v<&&  *A  wwv\. 
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The  course  they  take  may  be  itudied   by  killing  anim 
at  varying  periods  after  a  meal  of  hi   and   ffifflfing  osmic  acid 
microscopic  preparations  of  the  villi.      Riga.  399  and  400  Uluatl 
tin-  appearances  observed  by  Professor  Sihafer. 

columnar  epithelium  cells  become  first  filled   with  fattj 

hules  of  varying  size,  which  arc  generally  larger  near  the  free 

The    globules    pass    down    tit.'    Dells,    the    larger    ones 

(king  up  into  smaller  ones  during  the  journey  ;   they  are  thru 

red  to  the  amoeboid  cells  of  the  lymphoid  tissue  beneath: 

those   iilt  in  in  til  \    penetrate  into  the  centra]  lacteal,  where  they 

her   disintegrate   or   discharge    their  cargo    Into    the   lymph 

stream.      The  globules  are  by  this  time  divided  into  immeasurably 

II  ones,  the  molecular  basis 

bylo.    The  chyle  enters  the 

bio*  by  tie/   thoracic 

• ,    and    after  an  abundant 

/jfttty  meal  the  blood  plasm S  is 

*fiiite  milky  ;   the  fat   dmplets 

»rc  so  small  that  they  circulate 

^without  hindrance  through  th« 

The    fat    in   the 

Mood    after  a  meal    is  e 

totally   stored   up  in  the  con- 

"Miective-t issue  cells  of  adipose 

sue.      It  must,  however,  be 

borne  in  mind  that  the  fat  of 

the    body  is   not    exclusively 

derived  from  the  fat  of  the  fond,  but  it  may  originate  also  both 
from  proteid  and  from  carbohydrate. 

The  great  difficulty  is  fat  absorption  was  to  explain  how  the  fat 
si  gets  into  the  columnar  epithelium  .  these  cells  will  not  take 
lip  other  particles,  and  it  appears  certain  that  the  epithelial  cells 
do  not  in  the  higher  animals  protrude  peeudopodia  from  their 
borders  (this,  however,  does  occur  in  the  endodexm  of  some  ol  the 
lower  invertebrates)  ;  moreover  fat  particles  have  never  been  seen 
in  the  striated  border  of  the  cells, 

Recent  research  has  shown  that  particles  may  lie  present  in 
the  epithelium  and  lymphoid  cells  while  no  fat  is  being  absorbed. 
These  particles  are  apparently  protoplasmic  in  nature,  as  they  stain 
with  reagents  that  stain  protoplasmic  granules  ;  they  however  she 
stun  darkly  with  online  acid,  and  so  are  apt  to  be  mistaken  for  fat* 
There  is,  however,  HO  doubt  thai  the  particles  found  during  fat 
absorption  are  composed  of  fat  There  is  no  doubt  that  the 
*■/ Hi hch.il  evils  Imve  the  power  of  forming   uit  out  ol   \\\c  foVVs 


Muorm.s  m<  mWne  of  frog**-  in'« ft- 
111**  duHtlK    fet  Hlwrny.1u.Tj       .  ],.  *.<pitbe- 
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:v:A-  and  glycerine  into  which  fats  have  been  broken  up  in  the 
i lifeline.  Munk.  who  has  performed  a  large  number  of  exptn- 
menti  on  the  subject,  showed  that  the  splittiug  of  fatj»  bi« 
irlyceriue  and  fatty  acids  occurs  to  a  much  greater  extent  than 
ua«  formerly  supposed :  these  substances  being  soluble  pas 
n. iv lily  into  the  epithelium  cells  ;  and  these  cells  perform  the 
«y nt lu-t  ic  act  of  building  theni  into  fat  once  more,  the  fat  so 
formal  appearing  in  the  form  of  small  globules,  surrounding  or 
Incoming  mixed  with  the  protoplasmic  granules  that  are  ordinarilT 
privet  it.  A  nut  her  remarkable  fact  which  he  made  out  is  that 
sifter  feeding  an  animal  on  fatty  acids  the  chyle  contains  fit 
The  necessary  glycerine  must  have  l>eeii  formed  by  protoplastic 
activity  during  absoqit-ion.  The  more  recent  work  of  Moore  and 
Kockwood  has  shown  that  fat  is  absorbed  entirely  as  fatty  add  nr 
soap  ;  and  that  preliminary  emulsificatioii,  though  advantageou 
for  the  formation  of  these  substances,  is  not  essential. 

We  thus  sec  how  with  increase  of  knowledge  due  to  improved 
methods  of  research,  a  complete  change  has  come  in  the  kku 
physiologists  hold  regarding  this  subject.  It  is  not  so  manr 
years  ago,  that  the  physical  change — emulsificatioii — which  fiti 
undergo  in  the  intestine  was  considered  to  be  more  important 
than  the  chemical  changes — fat-split  ting  and  saponification.  In 
fact,  the  small  amount  of  chemical  change  which  was  supposed 
to  occur  was  regarded  as  quite  sulx>rdinate,  and  of  value  rowelr 
in  assisting  the  process  of  emulsificatioii.  We  now  know  that  the 
exact  converse  is  the  truth  ;  the  chemical  change  is  the  important 
process,  and  emulsificntion  the  subordinate  one. 

Itilc  aids  the  digestion  of  fat,  in  virtue  of  its  being  a  solvent  of 
fatty  acids,  and  it  probably  assists  fat  absorption  by  reducing  the 
surface  tension  of  the  intestinal  contents;  membranes  inoistenel 
with  hile  allow  fatty  materials  to  pass  through  them  inott 
rcadiU  than  would  otherwise  be  the  case.  In  cases  of  disease  in 
which  bile  is  absent  from  the  intestines,  a  large  proportion  of  the 
fat  in  the  food  passes  into  the  fa?ces. 

Tho  ftecos  are  alkaline  in  reaction,  and  contain  the  following 
MinManccs  : 

1.  Water:  in  health  from  6S  to  82  per  cent.  ;  in  diarrhoea  it 
in  more  abundant  still. 

.'.  1  ndiuested  food:  that  is,  if  food  is  taken  in  excess,  some 
eseapcN  the  action  of  the  digestive  juices.  On  a  moderate  diet 
un.tlteivd  protcid  U  no\er  found. 

;.  Indigestible  constituents  of  the  fond  :  cellulose,  keratin, 
mucin,  chlorophyll,  cuius,  resins  cholesterol. 

4.    t%on>UW\C\\\>     v\\£\>\\VW    \n"\\\v  vVA^\vi\i\\N  \    >ax*sy»S*^  ^css^. 


CH.  xxxv.]    THE  MECHANICAL  PROCESSES  OF  DIGESTION.     503 

tendons,  elastin,  various  phosphates,  and  other  salts  of  the  alkaline 
earths. 

5.  Products  of  decomposition  of  the  food  :  indole,  skatole 
phenol,  acids  such  as  fatty  acids,  lactic  acid,  <fee. ;  hseniatin  from 
haemoglobin  ;  insoluble  soaps  like  those  of  calcium  and  magnesium. 

6.  Bacteria  of  all  sorts  and  debris  from  the  intestinal  wall ; 
cells,  nuclei,  mucus,  <fcc. 

7.  Bile  residues :  mucus,  cholesteriu,  traces  of  bile  acids  and 
their  products  of  decomposition,  stercobiliu  from  the  bile  pigment. 

The  average  quantity  of  solid  fsecal  matter  passed  by  the 
Human  adult  per  diem  is  6  to  8  ounces. 

Meconium  is  the  name  given  to  the.  greenish-black  contents 
of  the  intestine  of  new-born  children.  It  is  chiefly  concentrated 
>>ile,  with  debris  from  the  intestinal  wall.  The  pigment  is  a 
mixture  of  bilirubin  and  biliverdiu,  not  stercobiliu. 


CHAPTER  XXXV. 

THE  MECHANICAL  PROCESSES  OF  DIGESTION, 

Under  this  head  we  shall  study  the  muscular  movements  of 
the  alimentary  canal,  which  have  for  their  object  the  onward 
movements  of  the  food,  and  its  thorough  admixture  with  the 
digestive  juices.  We  shall  therefore  have  to  consider  mastication, 
deglutition,  the  movements  of  the  stomach  and  intestines,  and 
the  acts  of  defalcation,  aud  vomiting. 

Mastication. 

The  act  of  chewing,  or  mastication,  is  performed  by  the  biting 
and  grinding  movement  of  the  lower  range  of  teeth  against  the 
upper.  The  simultaneous  movements  of  the  tongue  and  cheeks 
assist  partly  by  crushing  the  softer  portions  of  the  food  against 
the  hard  palate  aud  gums,  and  thus  supplement  the  action  of 
the  teeth,  and  partly  by  returning  the  morsels  of  food  to  the 
action  of  the  teeth,  again  aud  again,  as  they  are  squeezed  out 
from  between  them,  until  they  have  been  sufficiently  chewed. 

The  act  of  mastication  is  much  assisted  by  the  saliva,  and  the 
intimate  incorporation  of  this  secretion  with  the  food  is  called 
insalivati<ni. 

Mastication  is  much  more  thoroughly  performed  by  some 
animals  than  by  others.  Thus,  dogs  hardly  chew  their  food  at  all, 
but  the  oesophagus  is  protected  from  abrasion  by  a  thick  coating 
of  very  viscid  saliva  which  lubricates  the  pieces  of  rough  food. 
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I  n  vegetable  feeders,  on  the  other  hand,  iu&alivatiuu  is  a  uinh 
more  iui]>ortaiit  process.  This  ia  especially  so  in  the  ruminants 
in  these  animals,  the  grass,  «fcc.  taken,  is  hurriedly  swallowei 
and  passes  into  the  first  compartment  of  their  four-chaiuWi 
stomach.  loiter  on,  it  is  returned  to  the  mouth  in  small  instal- 
ments for  thorough  mastication  and  insalivation  ;  it  in  then*** 
more  swallowed  and  passes  on  to  the  digestive  regions  •■:  the 
stomach.      This  is  the  act  of  ruinhintiim  or  "chewing  the  i-iui." 

In  man.  mastication  is  also  an  imj>ortant  process,  and  hi  p?»»|4* 
who  have  lost  their  teeth  severe  dyspepsia  is  often  pnd*;ni 
which  can  he  cured  by  a  new  set  of  teeth. 

Deglutition. 
When  projierly  masticated,  the  food  is  transmitted  in  muty*** 
portions  to  the  stomach  by  the  act  of  deglutition  or  balloting. 
This,  tor  the  purpose  of  description,  may  be  divided  into  tknr 
arts.      In  the  first,   particles   of    food    collected   as  a  bolus  an 
made  to  glide  Iwtween  the  surface  of  the  tongue  ami  the  pabttbt 
arch,  till  they  have  passed  the  anterior  arch  of  the  fauces;  in  the 
second,  the  morsel  is  carried  through    the   pharynx;  and  hid* 
third,   it   roaches  the  stomach    through    the    oesophagus.    Tlws 
three    acts    follow   each    other    rapidly.       (i.)    The    first  art  t 
voluntary,  although  it   is  usually  performed    u n consciously :  Ae 
morsel  of  food   when  sufficiently  masticated,  is  pressed  hemes 
the  tongue  and  jialate,  by  the  agency  of  the  muscles  of  the  fonwt 
in   >uch  a   manner  as  to  force   it    hack    to    the   entrance  of  the 
pharynx.      (2.)   The  second  act  is  the  most   complicated.  l*onw 
the  food  must  go  past  the  posterior  orifice  of  the  nose  and  the 
upper  opening  of  the  larynx  without   entering  them.     Whech 
ha-  hen  brought,  by  the  first  act,  between  the  anterior  archfr  oi 
the  palate,  it  is  moved  onwards  by  the  movement  of  the  toniWi 
backwards  and  by  the  muscles  of  the  anterior  arches  contracting 
on  it  and  then  behind  it.      The  root  of  the  tongue  being  retracted. 
ami   the   larynx   being  raised  with  the  pharynx    and  carried  for- 
\\anl>  under  the  base  of  the  tongue,  the  epiglottis  is  pressed  ow 
the  upper  opmini;  of  the  larynx,  and  the  morwcl   glides  put  it: 
the  cloMirc  of  the  glottis  is  additionally  secured   by  the  siaiub 
taneoii^  i-ontraetion  of  its  own  muscles:     so  that,  even  when  the 
epi-!otti>    is    destroyed,    there    is    little    danger    of    food    pawin? 
mto  thr  l,-,r\n\   >o  loni:  as  its  muscles  can  act    freely.      In  nan. 
and   some  other  animals   the    epiglottis    is    not    drawn   as  a  lid 
«»y«-r  the  larynx  durin-r  swallowing.      At  the  same  time,  the  raisins 
"J*  the  soft    palate,  so  that  its  posterior  edge   touches  the  back 
part  of  the    pharynx,    and    the   approximation    of    the  sides  d 
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posterior  palatine  aroh,  which  move  <|nieklv  inwards  like 
aide  curtains,  close  the  passage  into  the  upper  part  of  the 
pharynx  and    the  posterior  narea,  and  ai  inclined  pi 

along  the  under  surface  of  which  the  morsel  descends  :  then  the 
pharynx,  raised  up  to  reeeive  it,  in  its  turn  contracts,  ml    11 

inwards  into  the  iKSophagus,     The  passage  of  the  bolus  of  bad 

through  the  three  cons tricton  of  the  pharynx  is  the  lad  step  in 

(3.)    hi    the    third    net,    in    which    the    food    !-.--•- 

through  the  oesophagus,  every  part  of  that  tube,  as  it  receives  the 

rsel  ami  is  dilated   hy  it,  is   stimulated    \**  contract  :   hence  an 

»r\  or  peristaltic  contraction  of  the  cesophagui  ooooxa, 

which  is  easily  observable  through  the  skin  in  iong-neeked  animali 

If  we  suppose  the  bolus  to  be  at  one  particular  place  is  the 

tube,  it  acts  stimulating! y  mi  the  circular  muscular  fibres  behind 
It,  and  inhibitinglv  on  those  in  front  ;  the  contraction  therefore 
squeezes  it  into  the  dilated  portion  of  the  tuhe  in  front,  where 
the  same  process  is  repeated,  and  this  travels  along  the  whole 
length  of  the  tube, 

The  second    ""I   Ihurd   parte  of   the  act  of  deglutition   are 

oluntary. 

Nervous  tfechanim. — The  tker\  ged  in  the  reflex  act  of 

glutition  are  : — mt*Qrft  hranehes  of  the  fifth  <  Tanial  nerve  1  :i|« 
pi  vim:  the  soft  palate;  glosso-pharyngeal,  supplying  the  tongue  and 
pharynx  ;  the  superior  laryngeal  branch  of  the  vagus,  supplying 
epiglottis  and  the  glottis ;  while  the  motor  fibre*  concerned 
are: — hranehes  of  the  fifth,  supplying  part  of  the  digastric  an  I 
mylohyoid  muscles,  and  the  mnsclee  of  mastication  ;  the  facial, 
supplying  the  levator  palati ;  the  gloaao-pharyngea),  supplying  the 
muscles  of  the  pharynx  ;  the  vagus,  supplying  the  muaolesof  the 
larynx  through  the  inferior  laryngeal  branch,  and  the  hypoglossal, 
the  muscles  of  the  tongue,  The  nerve  centre  by  which  the 
muscles  are  harmonised  in  their  action,  is  situated  in  the  medulla 
oblongata.  Stimulation  of  the  vagi  gives  rise  to  peristalsis  of  the 
>phagus.  The  cell  stations  of  these  fibres  arc  in  the  ganglion 
truuci  v;ejL     Division  of  botB  pw  tunogastric  nerves  gives  rise  Id 

paralysis  of  the  oesophagus  and  Mtoimich,  and  farm  contraction  of 

the  cardiac  orifice.     These  nerves  therefore  normally  supply  the 

DphagUB  with  m^Ti.r.  ;ni'l   I  he  cardiac  sphincter  with  inhibitor] 

fibres.     If  food   is  swallowed  after  these  nerves  ire  divided)  it 

accumulates  in  the  gullet  and  never  reaches  the  stomach* 

hi   discussing   peristalsis  on   |    previous  occasion   (p    158)1  WC 

arrived  at  the  conclusion  that  it  is  an  inherent  property  of 
muscle  rather  than  of  nerve;   though  normally  it   is  controlled 
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and  influenced  by  nervous  agency.  This  nervous  control  is 
especially  marked  in  the  oesophagus  ;  for  if  that  tube  is  divided 
across,  leaving  the  nerve  branches  intact,  a  wave  of  cimtnctiut 
will  travel  from  one  end  to  the  other  across  the  cut. 

Swallowing  of  Fluids. — We  must  next  note  that  the  s wallow- 
ing both  of  food  and  drink  is  a  muscular  act,  and  can.  thereto*, 
take  place  in  opposition  to  the  force  of  frravity.  Thus,  horses 
and  many  other  animals  habitually  drink  up-hill,  and  the  aan* 
feat  cau  be  performed  by  jugglers. 

Cnder  ordinary  circumstances,  however,  the  swallowing  of  fluid* 
is  differently  produced  from  what  we  have  already  described: 
the  division  of  the  act  of  deglutition  into  three  stage*  is  true 
for  the  swallowing  of  solids  only.  This  has  beeu  shown  It 
Kronecker. 

In  swallowing  liquids  the  two  mylo-hyokl  muscles  form  t 
diaphragm  which  pulls  the  root  of  the  tongue  upwards  and  back- 
wards ;  the  two  hyo-glossi  act  with  these,  pulling  the  tongue 
backwards  and  downwards.  The  action  of  these  four  nude* 
resembles  that  of  a  force-pump  projecting  the  mass  of  fluid  dom 
into  the  (esophagus;  it  reaches  the  cardiac  orifice  with  gra: 
speed,  and  the  pharyngeal  and  oesophageal  muscles  do  not  contact 
on  it  at  all,  but  are  inhibited  during  the  passage  of  the  fluid 
through  them. 

This  is  proved  in  a  striking  way  in  cases  of  poisoning  fo 
corrosive  substances  like  oil  of  vitriol ;  the  mouth  and  tongue  an 
scarred  and  burnt,  but  the  pharynx  and  oesophagus  escape  seriom 
injury,  so  rapidly  does  the  fluid  ]tass  along  them  ;  the  caidk 
orifice  of  the  stomach  is  the  next  place  to  show  the  effects  of  tbe 
corrosive. 

There  is.  however,  no  hard-and-fast  line  between  the  swallowing 
of  solids  and  fluids  :  the  more  liquid  the  food  is,  the  more  doc* 
the  force-pump  action  just  described  manifest  itself. 

I  ':;-•  t'.«ii"_ri»ini:  account  «»f  deglutition  relates  to  the  human  subject.  Then: 
:>:■  inaiix  ditleiviii-c*  in  the  lower  animals,  which  it  would  be  bcymd  the 
M"i  i  ,.t  il;:s  work  ?•»  i-iitor  into. 

Mi»\KMKNls    OF    THE    STOMACH. 

The  u.iNtric  fluid  is  agisted  in  accomplishing  its  share  in 
digestion  la  i he  tuo\i.ment>  of  the  stomach.  In  granivowifr 
birds,  for  t  \ample.  the  contraction  of  the  strong  muscular  giuari 
atVords  a  iu\c^arv  aid  to  digestion,  by  grinding  and  triturating 
the  har.i  seeds  which  constitute  their  food.  But  in  the  stomachs 
of  man  and  other  Mammalia  the  movements  of  the  muscular  cut 
arc  lev  fee  lie  :o  exercise  any  Mich  mechanical  force  on  the  food: 
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ther  are  they  needed,  for  mastication  has  already  dfllli  the 
mechanical  work  of  a  gizzard  ;  and  experiments  haw  demonstrated 
that  substances  are  digested  even  enclosed  in  perforated  tubes, 
and  consequently  protected  from  mechanical  influence, 

The  norma]   actions   of    the   muscular  Ebm   of    the    human 

stomach  appear  to  have  a  three-fold  purpose:    (1)  to  adapt  the 

stomach  to  the  quantity  of  food  in  it,  so  that  its  walk  may  bfl  in 

with   the   food   011   all   sides,  ami,    it    the   saute  time,  ma 

»  certain  amount  of  compression  upon  it:    (7)  to  keep 

orifices  of  the  stomach  closed  until  the  food  is  digested  ;    and 

to  perforin  certain  peristaltic  movements,  whereby  the  1 i, 

a»  1  «>  chymifled,   is  gradually   propelled  towards,   and 

imatoly  through,  the  pylorus.  In  accomplishing  this  latter 
) its  without  riouht  materially  contribute  towards 
effecting  a  thorough  intermingling  of  the  food  and  the  gastric  jui 

When  digestion  is  not  going  on,  the  stomach  is  uniformly  oon* 
tracted,  its  orifices  not  more  firmly  than  the  rest  of  its  Willi  :  but, 
it  examined  shortly  after  the  introduction  of  food,  it  is  found 
closely  encircling  its  contents,  and  its  orifices  are  firmly  dosed 
like  sphincters.  The  cardiac  orifice,  every  time  food  is  swallowed. 
Opens  to  admit  its  passage  to  the  stomach,  and  immediately  fcgain 
closes.     The  pyloric  orifice,  during  the  finfe  part  of  gastric  diges- 

i.  is  usually  so  completely  cloeed,  that  even  when  the  stoma<  h 
ia  separated  from  the  intestines,  none  of  its  contents  escape. 
Hut  towards  the  termination  of  the  digestive  process,  the 
pylorus  otters  less  resistance  to  the  passage  of  substances  i'dhii 
the  ;    first    it  yields  to   allow   the   successively  digested 

portions  to  go  through  it  ;  and  then  it  allow**  the  transit  even  of 
t et \  sul»t an c es .  It  a p | >cj  1  rs  that  food ,  so  scion  as  i t  en ters 
the  stomach,  is  subjected  to  a  kind  of  peristaltic  action  of  the 
muscular  coat,  whereby  the  digested  portions  arc  gradually  moved 
towards  the  pylorus,  The  movements  are  observed  to  increase 
in  rapidity  as  the  process  of  uhymitiratinn  ad  van  n  -.  ml  are 
e<  in  tinned  until  it  is  completed. 

The  contraction  of  the  fibres  situated  towards  the  pyloric  end 
of  the  stomach  set  ms  to  be  more  energetic  and  more  decidedly 
peristaltic  than  those  of  the  cardiac  portion.  Thus,  it  was  found 
in  the  case  of  St.  Martin,  that  when  the  bulb  of  a  thermometer 
j. land  about  three  inches  from  t he  pylorus,  through  the 
iir  fistula,  it  was  tightly  embraced  from  time  to  time,  and 
drawn  towards  the  pyloric  orifice  for  a  distance  of  three  Of  four 
inches.  The  object  of  this  movement  appears  to  be,  as  just  said, 
to  carry  the  food  towards  the  pylorus  as  fast  as  it  is  formed 
into  chyme,  and   to  propel   the  chyme  into  the  duodenum;    the 
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undigested  portions  of  food  are  kept  back  until  they  art  & 
r«:d»n.*d  into  chyine,  or  until  all  that  is  digestible  ha*  passed  on 
Th«r  action  of  these  fibres  is  often  seen  in  the  contracted  state < 
the  pyloric  portion  of  the  stomach  after  death,  when  it  alone 
eotitracted  and  firm,  while  the  cardiac  portion  forma  a  dilate 
*»<:.     Sometimes,  by  a  predominant  action  of  strong  circular  fibr 


Via 


Ret. 


Very  tliutrnimmatic  representation  of  the  nerves   of  the  alimentary  e 
Ret.  the  various  parts  of  the  alimentary  canal  from  oesophagus  to  ne 


upper  jvtrt  <>f  (esophagus;  R.  V.  right  vagus,  joining  left  vagus  in  aMophagodpi 
■  >••.  pi.,  supplying  the  posterior  part  of  stomach,  and  continue*  as  R'V  to  jonta 
pl«-\us,  hen-  n  pn«*ented  by  a  single  ganglion,  and  connected  with  the  i 


tin.  u-anclu'ti  in  irl. ;  a.  branches  from  tne  solar  plexus  to  stomach  and  i 

iti.l  imm  the  nn-senterie  ganglia  to  the  large  intestine :    Bpl.maj..  large  spin 

it.  r\e.  .m>m.-  from  the  thoracic  gamrlia  ana  rami  communicante*.  r.c,  belong 

»'..•■  vV.  n.  j\-  n  inni  th»-  'th  to  the  Ah  or  ioUT  ;  Spl.min.,  small  splanchnic  son 

l.j'S   tT><v.'.  tV.i    :.th  and  nth  dorsal  nerve*.    These  both  join  the  solar  plea 

V-.-.r  *   :r.  iV.   r'-.  u  way  t«>  the  alimentary  ranal;  c.r.,  nerves  from  the  gaagtii 

'    '  •■$*.•■  u  ;•>  i  :l:  m.i  i.th  dorsal  and  ist  and  2nd  lumbar  nerve*.  prttteedng 

•;;.m  ;■.«.:  1    cir-clia   <»r  plexus,  m.gl.,  and  th<*nce  by  the  hypogastric 

■■  *  *:•     f  •  !»-i-  »'\isnr.i*trio  plexus  pi  .hyp.,  to  the  circular'  muscle*  of  the  n 

•\-  -» tv  •:■  :*»«■  .rid  ?»nd  ,;rd  -acral  nerves,  8.  a,  8.  3  .nervi  erigentes.  prw 

x  ■.'     V*  :>.  ..- 1-:::.  ; \i  \u>  :.» the  l.imritudinal  muscles  of  the  rectum.     .M.  Fast* 


unit  pylorus,  the  two  portions,  or 

<:i*ui:ich.  are  partially  separated 

:.:  :rjl:i»  contraction.      By  wea 

:;■.*: <cular  cjats  of   the  stoinact 

".•-:  .  t'.'.y  propelled  through  the  py! 

\:  :  ■>  '.if.tinually  kept   up  :imoui 

:':-  .:r:.:ai:erential  parts  of  the 
«..r:   :■  v^rd  the   i>vlorus  bv  the 
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tract i€0  of  the  muscular  fibres,  while  the  central  portions  are 
propelled  in  the  opposite  direction,  namely  towards  the  cardiac 
orifice  ;  in  this  way  is  kept  up  a  constant  circulation  of   the  eon 

tenteof  the  vigeus,  highly  oonducivfl  to  their  thorough  admixture 
with  the  gastric  rtnid  and  to  their  ready  digestion. 

Under  ordinary  circumstances,  three  or   four  hours  may   be 
taken  as  the  average  time  occupied  by  the  digestion  od    I  POtta!  in 

the  Btotaaeh.    But  the  digestibility  and  quantity  of  the  meal,  and 

the  state  of  hotly  and  mind  of  the  individual,  are  important 
causes  of  variation,  The  pylorus  usually  opens  for  tin  nrst  time 
about  twenty  minutes  after  digestion  begins:  it,  however,  qttioklj 
closes  again*  The  intervals  between  its  openings  diminish,  and 
the  periods  during  which  it  remains  open  increase,  until  towards 
the  end  of  the  time  it  is  permanently  open,  and  the  chyme  ran 
pas>  freely  into  the  duodenum. 

Influence  of  the  Nervous  System. — The  normal  move- 
ments of  the  stomach  during  gastric  digestion  do  not  appear  to 
be  so  closely  connected  with  the  plexuses  of  nerves  and  ganglia 
contained  in  its  walls  as  was  formerly  supposed.  The  action, 
however,  appears  to  be  set  up  by  the  presence  of  food  within  it. 
The  stomach  is,  moreover,  directly  connected  with  the  higher 
nerve-cent  res  h\  means  of  branches  of  the  vagi  and  of  the 
splanchnic  uerves  through  the  solar  plexus. 

The  vagi  (especially  tin  hit)  contain  the  accelerator  name  of 
the  stomach  ;  when  they  are  stimulated  the  result  is  peristaltic 
movement.  The  sympathetic  fibres  are  inhibitory  ;  when  tbcv 
UQ  stimulated  peristalsis  censes.  The  cell  stations  OH  the  course 
Ol   the    VagUi   fibres   are   in   the   ganglion   trunci   vagi  ;    the   post 

IgliODJO  Bbfes  that  issue  from  this  ganglion  are  uon  niedullated. 

The  sympathetic  fibres  leave  tie  spinal  Cord  hv  the  anterior 
toots  of  the  spinal  oervec  from  the  fifth  to  the  eighth  thoracic. 
They  pass  into  the  >v m]>nt  bet  ie  system*  have  .-ell  stations  in  the 
codiac  ganglion,  and  ultimately  pass  to  the  stomach  by  the 
splanchnic  nerv. ..-.-.. 

It   seems    probable    that    automatic    peristaltic    contrat in  1 
inherent    in    the    muscular  coat  of   the   stomach,   and    that    the 
'Mitral  nervous  system  is  only  employed  to  regulate  il  by  impulses 
passing  down  by  the  vagi  or  splanchnic  nerves. 

The  secretory  nerves  of  the  gastric  glands  are  treated  on  p.  400. 

YoWllLV,. 

The  expulsion  of  the  contents  of  the  stomach  in  vomiting,  like 

t    of  mucus  or  other   matter   from    the   lungs   in   coughing,  \& 

preceded    by  an    inspiration  :    the    glottis    is    tW\i    eWeA,    wA 
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::4.ri..-ii*:elT  afterwards  the  abdominal  muscles  strongly  act;  V-m 
Zikt*  -  cirs  the  difference  in  the  two  actions.  Instead  of  the  \oe*l 
o-ri«  yieldim?  to  the  action  of  the  abdominal  muscle*,  thet 
r._Ti*.i;n  tightly  closed.  Thus  the  diaphragm  being  unaVic  tu  a 
.[..  :-«ni.-  an  unyielding  surface  against  which  the  stomached 
T--  pre— ed.  At  the  same  time  the  ca nti'ic  sphincter-muscle  bekj: 
rvl.tv-i,  and  the  orifice  which  it  naturally  guards  lieiug  diUtei 
while  tin:  yV'/rw*  is  closed,  and  the  stomach  itself  also  cno- 
tract  in;:,  the  action  of  the  abdominal  muscles  expelh  the  contwtt 
of  the  organ  through  the  uesophagus,  pharynx,  and  mouth.  The 
reversed  peristaltic  action  of  the  oesophagus  probably  incitum 
the  effect. 

It  has  been  frequently  stated  that  the  stomach  itself  »  qn» 
passive  during  vomiting,  and  that  the  expulsion  of  its  contents! 
effected  solely  by  the  pressure  exerted  upon  it  when  the  wpictT 
of  the  atjdouien  is  diminished  by  the  contraction  of  the  diapbngn, 
and  subsequently  of  the  abdominal  muscles.  The  eiperiniau 
and  observations,  however,  which  are  supposed  to  confirm  tki 
statement,  only  show  that  the  contraction  of  the  abdomioil 
muscles  alone  is  sufficient  to  expel  matters  from  an  unreska? 
bag  through  the  (esophagus  :  and  that,  under  very  abiionul 
circumstances,  the  stomach,  by  itself,  cannot  ex]>cl  its  comena 
They  by  no  means  show  that  in  ordinary  vomiting  the  stomacks 
passive,  for  there  are  good  reasons  for  believing  the  contrary.  It 
some  cases  of  violent  vomiting  the  contents  of  the  duodenum  a 
passed  by  anti-peristalsis  into  the  stomach,  and  are  then  vomicei 
When*  there  is  obstruction  to  the  intestine,  as  in  stranjruUtod 
hernia,  the  contents  of  all  the  small  intestine  may  be  vomited. 

Nervous  mechanism. — Some  few  persons  possess  the  paw 
of  vomiting  at  will,  or  the  power  may  be  acquired  by  effort  and 
practice.      Nut  normally  the  action  is  a  reflex  one. 

The  nft  r*  at  nerves  are  principally  the  fifth,  and  glossopharyn- 
geal (as  in  vomiting  produced  by  tickling  the  fauces),  and  the 
vagus  (as  in  vomiting  produced  by  gastric  irritants) :  but  vomiting 
may  occur  from  stimulation  of  other  sensory  nerves,  tjj.  those 
from  the  kidney,  uterus,  testicle,  «fcc.  The  centre  may  also  he 
tiimul.-itcd  by  impressions  from  the  cerebrum  and  cerebellum. 
producing  No-called  *'*ntr,il  vomiting  occurring  in  diseases  of  those 
rails 

The  .  '•  t\>r  vomiting  is  in  the  medulla  oblongata,  and  coia- 
*  ides  with  the  centn>  of  the  nerves  concerned. 

The  'tf',,t;!  .]:•.»»:»'!■  •  :mpulse>  are  carried  by  the  vagi  to  the 
s  I  on  it  i-h .  b  \  \  \\  v  \  \  »\  c  w.v  >  \  -  *  \W  Ovvv^vT^pKvv  *»mSl  \sbs  x^aSss*^  ^a*L 
u»'i\es  to  «.b.o  :\V\o\\.\\\a\  \y\\\>A*-. 
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Emetic*. — Some  emetics  produce  vomiting  by  irritating  the 
stomach ;  others,  like  tartar  emetic,  apomorphine,  &c,  by  stimu- 
lating the  vomiting  centre. 

Movements  of  the  Intestines. 

The  movement  of  the  intestines  is  peristaltic  or  vermicular,  and 
is  effected  by  the  alternate  contractions  and  dilatations  of  successive 
portions  of  the  muscular  coats.  The  contractions,  which  may 
commence  at  any  point  of  the  intestine,  extend  in  a  wave-like 
manner  along  the  tube.  They  are  exactly  similar  to  what  we 
have  described  in  the  oesophagus.  In  any  given  portion,  the 
longitudinal  muscular  fibres  contract  first,  or  more  than  the 
circular;  they  draw  a  portion  of  the  intestine  upwards,  over 
the  substance  to  be  propelled,  and  then  the  circular  fibres  of  the 
8am e  portion  contracting  in  succession  from  above  downwards, 
press  the  substance  into  the  portion  next  below,  in  which  at  once 
the  same  succession  of  actions  next  ensues.  These  movements 
take  place  slowly,  and,  in  health,  commonly  give  rise  to  no  sensa- 
tion ;  but  they  are  perceptible  when  they  are  accelerated  under 
the  influence  of  any  irritant. 

The  movements  of  the  intestines  are  sometimes  retrogade ;  and 
there  is  no  hindrance  to  the  backward  movement  of  the  contents 
of  the  small  intestine,  as  in  cases  of  violent  vomiting  just  referred 
to.  But  almost  complete  security  is  afforded  against  the  passage 
of  the  contents  of  the  large  into  the  small  intestine  by  the  ileo- 
cecal valve.  Besides, — the  orifice  of  communication  between  the 
ileum  and  ceecum  (at  the  borders  of  which  orifice  are  the  folds 
of  mucous  membrane  which  form  the  valve)  is  encircled  with 
muscular  fibres,  the  contraction  of  which  prevents  the  undue 
dilatation  of  the  orifice. 

Proceeding  from  above  downwards,  the  muscular  fibres  of  the 
large  intestine  become,  on  the  whole,  stronger  in  direct  proportion 
to  the  greater  strength  required  for  the  onward  moving  of  the 
fseces,  which  are  gradually,  owing  to  the  absorption  of  water, 
becoming  firmer.  The  greatest  strength  is  in  the  rectum,  at  the 
termination  of  which  the  circular  unstriped.  muscular  fibres  form 
a  strong  band  called  the  internal  sphincter;  while  an  external 
sphincter  muscle  with  striped  fibres  is  placed  rather  lower  down, 
and  more  externally,  and  holds  the  orifice  close  by  a  constant 
slight  tonic  contraction. 

Nervous  mechanism. — Experimental  irritation  of  the  brain 
or  cord  produces  no  evident  or  constant  effect  on  the  movements 
of  the  intestines  during  life ;  yet  in  consequence  of  certain  mental 
conditions  the  movements  are  accelerated  or  retarded  -,  wcA  \\\ 
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paraplegia  the  intestines  appear  after  a  time  much  weafcennl  iu 
their  [>ower,  and  costiveness,  with  a  tympanitic  condition.  «*sue^ 
A •*  in  the  case  of  the  cesophagus  and  stomach,  the  perUtahic 
movements  of  the  intestines  may  be  directly  set  up  in  th* 
muscular  Hhres  by  the  presence  of  food  or  chyme  actum  »*  :i* 
stimulus.  Few  or  no  movements  occur  when  the  intesiiiie*  arr 
empty. 

The  intestines  are  connected  with  the  central  nervous  s\>t«t 
by  the  vagi  and  by  the  splaucluiic  nerves.  The  fibres  whicL 
leave  the  medulla  in  the  vagal  rootlets  are  tine  medullated  oa>: 
they  are  connected  with  cells  in  the  ganglion  trmu-i,  and  tltfa 
continue  as  non-medulla  ted  tibres  to  the  intestinal  walls;  ther 
pass  through  the  solar  plexus,  but  are  not  connected  with  urn- 
cells  in  that  plexus.  In  animals  stimulation  of  the  pneumo-gk^ri 
nerves  induces  peristaltic  movements  of  the  intestines.  If  :bf 
intestines  are  contracting  peris talticiilly  before  the  stimulus  a 
applied,  the  movements  are  inhibited  for  a  brief  perifxL  after 
which  they  are  greatly  augmented.  The  svinj)athetic  fibres  law 
the  cord  as  fine  medullated  fibres  by  the  anterior  roots  from  the 
sixth  thoracic  to  the  first  lumbar,  pass  through  the  lateral  chain, 
but  do  not  reach  their  cell  stations  until  they  arrive  at  thesujwier 
mesenteric  ganglia:  thence  they  [kiss  as  nou -medullated  libra  to 
the  muscular  coats.  Stimulation  of  these  fibres  causes  inhibition 
of  any  peristaltic  movements  that  may  be  present.  These  nen* 
also  contain  vasomotor  fibres,  and  section  of  these  leadu  to  w 
dilatation  and  a  great  increase  of  very  watery  succus  entericm. 

Ihimtitiii  nf  InUnlinal  DiffrrtioH. — The  time  occupied  hvtl* 
journey  of  a  given  portion  of  food  from  the  stomach  to  the  aim 
varie>  considerably  even  in  health,  and  on  this  account  prutaUj 
it  is  that  such  different  opinions  have  been  expressed  in  ivjjnni 
to  the  subject.  About  twelve  hours  are  occupied  by  the  jounvy 
nl  an  ordinary  meal  through  the  st/iall  intestine,  and  twenty-foij 
to  thirty  >i\  hours  by  the  passage  through  the  lnr*jr  l*>wcl. 

/>,•//./>  £\\vu  t\»r  relief  of  diarrluea  or  constipation  act  hi  v.-iriiw 
ways  ;  >omc  intluence  the  amount  of  secretion  and  thus  increase  <jt 
diminish  the  lluidity  of  the  intestinal  contents:  others  acting  w 
the  muscular  ti>sue  or  its  nerves  increase  or  diminish  periKtahii 

Dofrecation.-  The  act  of  the  expulsion  of  faves  is  in  part  due 
loan  increased  reflex  peristaltic  action  of  the  lower  part  uf  the 
large  inteMinc,  namely  of  the  sigmoid  flexure  and  rectum,  ami  io 
part  to  the  action  <»f  the  abdominal  muscles.  In  the  case  of  actiw 
voluntary  efforts,  there  is  usually,  first  an  inspiration,  as  in  the  ease 
of  coughing,  sneezing,  and  vomiting  :  the  glottis  is  then  closed,  and 
the  diaphragm  fixed.       The  aMomiiial  muscles  are  contracted  .v 
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pirn  t  ion ;  bat  as  the  glottis  is  closed)  the  whole  of  their 

screwed  cm  the  abdomina]   contents.     The  sphinotiei 

•  rectum  being  relaxed;  the  evacuation  of   its   OODtentl  takes 

ntfngly,  the  effect  being  inoveaaed   by  the  peristaltic 
of  the  intestine, 
nv/Mj  ifccAemum, — The  anal  gpbJnofr sr  muscle  i>  normally 

of  tonic  contraction.  The  uervoius  centre  which 
w  this  mntr  action  is  situated  in  the  lumbar  region  of 
anal  c«»rd,  inasmuch  as  in  eties  of  di vision  of  the  cord  above 

Igion  the  sphineter  regains,  after  i  time, to  sodas  extent  the 

y   whirl i   is  lost    turned  lately  after  the  operatlOtL      B 

of  the  will,  acting   on    the   i.vnfiv,  tin:   <  ontr&etitiO    may  be 

t   or   husraaaad,     Snoh  voluntary  oontrd  over  the  art  is 
nslv  impossible  when   the   cord    is   divided.     In  ordinary 

the  nppan&lis  i>    M/t     tit    aetton    ).\     the   gradual   aecumula- 
)f  toees  in  the  sigmoid    flexure   sad    rectum,    prcsaurj 
Crist*] tlC  action  of   these  parts  of    the  large  iutchtiiic  Bg 
phineter,    and   nuising  by  reflex   action    [1  ion;   this 

ry    Impulse  acu    upon    the    brain    and    redexly   through 
piual  centre.     \r    the  seme   time    that    the  iphincti 

ted  or  relaxed,  impulses  pan   to  the   muscles  of   the  lower 

iue  inm~oninfl;  their  |M?ristalsi>,  sod  to  t  !)■•  abdominal  rat 

II. 

:h  inhibitory  and  motor  fibres  For  the  lower  [iart  of  the 
tve  the  cord  by  anterior  roots  lower  than  thoSS  which 
fibres  for   the  Miiall   intestine.      The   cell-stations   are 

in  the  inferior  mesenteric 

IS  or  h  nerve*. 
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i of  the  kidneys  ;  from  each  a  till*  called  th- 
ladder  in  which  the  urine  is  teinporarily  stored  ; 
bladder  a  duct  called  the  ftfirtl  leads  to  the  exteri 
e  Kidneys  are  two  in  number,  and  are  aituated  deeply  in 
unbar  region  of  the  abdomen  on  either  side  of  the  apm  d 
in  behind  the  j*eritoneum.  They  correspond  in  poritfal  to 
tat  two  dorsal  and  two  upper  luiuUir  rertebne  ;  the  right 
rhtly  below  the  left  iu  consequence  of  the  poaitiou  of  the 
vn  the  right  aide  of  the  abdomen.     They  are  aliout  4  inchea 


L  L 


THE  APPAE\. 


I 
kuliiev  t*  about  4  A 

of  tli 

.Jthy  ki 
off  without  much 

_ 

eoa* 

On 
two 
ean 


■  ,  ,   .    J     u|    ■ 
I  tritlm  y,  i  .  rtj  Tli* 
h,  A,  bnwul  part  off  On*  pyrin. 
pighi  .Ini-iuri-   it! 

ncuui  I  i  nlycr's,  lui<]  up 
Utjt«j- in-il  ;    r/,  summit  rjl    the    p>*] 

Ion  ol  Mi«  oarrom  imrt  of  two  pvra- 
Daidi  dmut  th»'  onlyuwj   /»„  |*l\i*.  n 
tniyv<l  portion  of  the  mvUi   within 
kuln. 


- 


- 


n   lu  U-  L'OinpOSCxl  of  two  poi 
1'itrtit'tti  and  uu  the  latter  is  compos 

I'univil  lnin.ili's  of  urinary   tubules,  each  bundle 
railed  a   jn/nimiif,       The   up]  of    the    U 

•  tr^nii,  is  dilated  into  tliL*  /H-fvi*  ,   and  this,  again, 
into  tun  or  throe  principal  d  -  finally  subdivided  u 

nm  alter  portions,  varying  in  number  <<ut   s   r 

little  calcyea  or  cups 
if  t  of   a   pyramid.      The  mi  ml 

ait  anim  •  iu«  there  ia  only  one. 
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The  kidney  is  a  compound  tubular  gland,  and  both  it>.  portml 
•  ■- '  medullary  portions  am  compoaed  of  tnhes,  the  bftti/t  m  int 


A  dm^ruin  of  the  section*  of  urinifei  au*  tftbift*  A,  gotta  limited  externally  b> 
ipffule;    «,  Bubcnp*ulai-  Layer  not  containing  Mulpi^iiuu  corpuscles;    of,  uinei 

m  ««t  cortex,  abui  without  Mulpi^huw  wiiukuIh*  ;  B,  tumrnlnry  I  pfflxrf 

part  next  the  boimdaxy  layi  1  i  i«  Bowman'i  cepanle  of  Malpfohian  eorpnaela  ;  ..  Mel 
of  eattraie;  ;,  tirwt  eOQYa&iiteo  fcnbnle:  t,  npirnl  tubiik-;  5,  deaoendioff  Hrah  of 
HcnkV  loop;  6*  file  loop  proper ;  7,  thk-k  pert  ol  ttieaeaenmog  limb;  #»  spiral  part 
of  HLWi-iiilinfr  limb;    ot  nan  0*1  limb  in  the  medullnry  my ;  10,  t  lie  gigaag 

tubule  ;  it,  tlii.  m  <  -ml  1  onrohlted  tofrule;  is,  Hit-  iiiii>  Atonal  luliuh*;  11.  the  ci^lU/otin^ 
tubule  of  the  medullary  jay.  14,  the  eolieetinff  tube  '>i  the  I  ouudnry  layer  ■;  is,  duct 
of  Bellini.    (Kiefa.) 


00 

I  Ml 


P%.   40a.  -Plan    of    n    lHiuM.jtiriliri.il 

through  the  pelvu  nod  rf  the 

right  kidney.)  :  «,  the  eorticnJ  wulwl 

&.  h,  hr'uidjNitt  of  tin  >  pyramid)  <>f  Mnl- 

piKhi  I    <%  ''.  the  diviriiotu    oi     th< 

D  mi.  .J  .  uh  ■  •■  •-  !  ii'I   tfw  n  ;      .  mi  i.if  tbiwc 

unopened;   -/,  mmmll  "f  toe  pyruaidi 

of  ]>.'iiiilb<-  projecting   1 

m  hi  r ►  1  -  utiiow  pari  <»f  tw<»  f»ym- 
mid  .   /■.  jnIvi-  ui  ,-u- 

liuv'l  portion  dI  the  ureter  within  th«- 

but]  ;  . 

nulla, 


border  it  i*  seen  to  be  irumpoeed  of  iwoj 
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Fifir*  407.— From  a  vortical  *ect ion  through  the  kidn<  the  capsule  uf  which  i* 

«uj»|  tli.  righl      v,  Oh  tapdUarii  -  ■  if  th«-  Muhngbiaa  corpuscle,  which  arc 

Arranged  •  r >  ,  rt^ck  »«f  t-apmilf  ;  r,  convoluted  tubes  cut  in  various  din  1 

A,  jripiur  tubule ;  <  i,  and  r.  an  xtnught  tubes  in  a.  Ht-luilaru  my  ;  rf,  collecting  tube  ; 
#,apiral  tvhe  ,  '.  imrrow  MCtUm  Ofl  (winding  limb.    •   48o.   (Klein  and  Noble  Smith-) 


■- 


* 


V-v 


■  *" 


SB 


r.    40*,— TianKVftttc  action   "f  "   r«  nal    i.ujiilft ;    a.  large  tub**  of  dnCU  "t    Itcllini  ; 
A,  <■,  and  J,  mailer  tube*  «rf  Henle  ;  #./,  blood  capi linn*  -,  llwyBgiihiuWl  l»J 

I  hat.) 
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t?->?     **-?.*-**  Lv^uir  stni^bt   or  »li*rhtlr  spiral  i*pir*d  f*'.*M, 
?-■>-  r*;oi.T  riwrvwiiKr  it  p*wneft  down  into  the  medulla  &>  tV< 

y  this  turns  round,  foniihi^ 

a  loop  (/'*>/>  or  //^//^stfl 

passes  up  to  the  <mm 

again     as    the    a^Wr.-i 

tvhitfc  t»t  Ihnlr.    It  t:.ct 

lieeonies  larger  and  irrbj;- 

larly  zigzag (:*»/:<w  tuh*\r\ 

and       again     onivnlm^1 

(*erv,»<l  etmnJtttril  tM*i 

Eventually  it  iMirn»i%iutii 

a  Junctional  tuhuU.  vbkk 

joins  a  st  might  or  nit*- 

in«j    tufsult.      This  pa** 

straight  through  the  tut- 

dul la,  where  it  joins  titk 

others  to  form  ouerf  fa 

ducts  of  Bellini  tlwt  opa 

at  the  apex  of  the  pyramid. 

These  parts  are  all  shut 

in  fig.  404. 

The  character  of  the 
epithelium  that  Hues  the* 
several  parts  of  the  tubuk* 
is  as  follows  : — 

In  the  atjfftuU,  the  *\i 
thelium  is  flattened  ami 
reflected  over  the  l'Iiwt 
iilus. 

The  way  in  which  thi* 
takes  place  in  proa-v?  rf 
development  is  shi»»u  in 
figs.  405  and  406. 

In  the  neck  the  epitlu- 
Hum  is  still  flattened.  hut 
in  some  animals,  like  frug\ 
where  the  neck  is  longer. 
the  epithelium  is  ciliatoi. 

Ill    the  Jitycf    ojH'-ofutrl 

and    sj*im/   tuhiilcN  it  is 

:v:e»i   >: met  1  in-,  except  amumi 

-  ^r^n?:  ,r.     The  eel  In  in  t  click 


-«VV 


'.>  •  i  kidney.  .■».  part  of 
bvsUr  *rt»*ry  ;  t-.glomeru- 
}<*.«»::?  £  to  th*  medal]*  a« 
^Vs"*^  «^f  cortex:  /". 
,-.  v*«o«>  *rvh  ;  ».  stnigrnt 
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iiliv    and    are    difficult    to    i&olate.      In    wcmxe    animals  they 
deacribed  a*  ciliated      hi  the  iwi  ictntNnq  tvtwl 


Jiia^rnm  nhowlag  the  rvlntiun  of  thf  Mulpi^limn  body  !<►   the  uiihii.  tenia  duela 
ivnd  bl  «r,  one  of  the  interlobular  ar£  1  '   rent  artriy  pawing  int*> 

thr  (rluRhTulfl!* ;  r,  capfttle  of  the  Mulpiphmn  body,  funning 

nuooe  with  *T  the  uriniferoua  tul  efferent  reweli  whieh  rabdtvid 

•  plexua,  >',  HurrcruudiiiK  the  tubt»,  and  finally  t 
Bowman.] 


in.— Mnfrritf!  I  thnnigh  tJvmml  itrtvrywitb  coloiur-ti  #i<hilin  , 

<i,  ptloiiu-mlju  vi>»rN  ,  bp  onfmuli* ;  r%anU'riur  capMile ;  df  ttlfmiil  veM*»1  "f  piomi 
DJthelium  of  tube*.    JCkl  i 

/-  ami  in  tfc   ft#>/>  itself,  the  cells  are  clear  and  flattened  and 
ooo&kierabk  lumen  ;   In  the  frM   they  agaia 
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l»eeome  striatal  and  nearly  till  the  tubule.  In  the  zhmy  yj4 
s*r„nd  rtwjlNttd  tubules  the  fibrillation**  become  even  u>*? 
marked.  The  junctional  tubule  has  a  large  lumen,  ami  is  Vroel 
by  clear  flattened  cells  ;  the  collecting  tubules  and  duct*  of  Jtfii,t 
are  lined  by  clear  cubical  or  columnar  cells. 

Blood-vessels  of  Kidnqy. — The  renal  artery  filter*  tlr 
kidney  at  the  hilus,  and  divides  into  brauches  that  paa*  toiui* 
the  c«»rtex,  then  turn  over  and  form  incomplete  arches  iu  tbr 
region  lietweeu  cortex  and  medulla.  From  the*e  arches  vessel 
pa.v>  to  the  surface  which  are  called  the  interhifailar  artrriv; 
they  irive  off  vessels  at  right  angles,  which  are  the  a/n>*f 
i-***rl*  i ti  th*  tjlom*ruh' :  a  glomerulus  is  made  up  of  capillaries  is 
previously  stated.  From  each,  a  smaller  vessel  (th*  ffrrmt  rr&i..4 
thi  tilnintruht*)  {Misses  out,  aud  like  a  {*>rtal  vessel  on  a  small  s-uk, 
breaks  up  once  more  into  capillaries  which  ramify  between -J* 
convoluted  tubules.  These  unite  to  form  veins  (interMuht  *wji 
which  accomjmny  the  interlobular  arteries;  they  pass  t<»  ^in* 
arclus,  j>arallel  to,  but  more  complete  than  the  comspwlng 
arterial  arches  ;  they  ultimately  unite  to  form  the  renal  vein  thtf 
leaves  the  hilus.  These  veins  receive  also  others  which  hairi 
stellate  arrangement  near  the  capsule  (vena;  steUuhr). 

The  medulla  is  supplied  by  pencils  of  fine  straight  urunk 
which  arise  from  the  arterial  arches.  They  are  called  *ui*nt 
rut'*.  The  efferent  vessels  of  the  glomeruli  nearest  the  meodk 
may  also  break  up  into  similar  vessels  which  are  culled  /W 
'U'trri'i  i-ft't-.  The  veins  (ventr  rectfr)  take  a  similar  cmnv  id 
empty  themselves  into  the  venous  arches.  In  the  boundary  *% 
l: roups  of  nifti  rtctn  alternate  with  groups  of  tubule*,  ami  jpw 
a  >triat»'i|  appearance  to  this  portion  of  the  medulla. 

The  Ureters. — The  duct  of  each  kidney,  or  urrtn\  i>  a  ml* 
about  the  size  of  a  goose-quill,  and  from  twelve  to  sixteen  im-h* 
in  fount h,  which,  continuous  above  with  the  j>elvis,  ends  l*kw 
by  perforating  obliquely  the  walls  of  the  bladder,  and  updiire 
<»n  its  internal  surface. 

It  is  constructed  of  three  coats:  (<#)  an  outer  fihww  cut; 
(h)  a  middle  mutcular  oxit,  of  which  the  fibres  are  unstriped, aol 
arranged  in  three  layers — the  fibres  of  the  cent  nil  layer  benf 
eircular,  and  those  of  the  other  two  longitudinal  in  direction: 
the  outermost  longitudinal  layer  is,  however,  present  only  in  tie 
lower  part  of  the  ureter;  and  (c)  a  mvcous  membmnt  coiitiiroow 
with  that  of  the  pelvis  above,  and  of  the  urinary  bladder  below. 
It  is  composed  of  areolar  tissue  lined  by  transitional  epithelium. 

The  Urinary  Bladder,  which  forms  a  receptacle  for  the 
temporary  \ov\^\nov\\.  cA  \\vj  wyvw^ \\\  \3e\st  \w\«rs^\&  q{  ita  ciqulsiuD 
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Laterally  and   mv  difficult   to   isolate,     hi   wom&  animals  they 
are  described  as  ciliated.     In   the   narrow  d&tHufina  tubuly 


FIk-  410.— Biji#Tani  itiowinfl  the  n  Litn.n  of  the  M ■IpistiiftXl  bodj  to   <h«   UliniferuU*  duet* 

mid  b  oectftlu  fnl  ffcfgni  artery  ptwlu 

the  {domeruliM ;  t%  cajxnU-  nf  tbf  Malpi^hmn  body,  forming  the  terniinntiim  of  an<I 

inuoui  with  t,  the  artmfcrottJ  tube;  '',•-,  ejftscni  bioh  lubdivtdc  rod 

52  ftnmi  i»  plexus  jfc  HU>-nnimlhnf  the  tube,  and  flimlly  tflnuiuiAe  in  tin-  bmrn-h  *»f  the 

After  I^miiun. 


<7- 


Fig.  <i  1.— Malpitfhicin  eorpttt  I  rhruugh  the  renal  artery  with  mletm-d  u« 

a,  plometilliu ;ve*!H-l-  ;  ^cap*ule;  e,  anterinr  GAftRlle ;  </.  »»llrn -id  VeneloJ  -I  •><■< 
to ;  /,  epf thelii  Ltot. 

//r^/r  and  in  thi  loop  itself,  the  cell*  arc  clear  and  flattened  and 
leave  a  oo&tttiderable  limi<n;    in  the  a&endmo  Umt    tiny  again 
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become  striated  and  nearly  fill  the  tubule.  In  the  ziyzag  and 
wond  convoluted  tubules  the  fibrillations  become  even  more 
marked.  The  junctioiuil  tubule  has  a  large  lumen,  and  is  lined 
by  clear  flattened  cells ;  the  collecting  tubules  and  dveU  of /Mini 
are  lined  by  clear  cubical  or  columnar  cells. 

Blood-vessels  of  Kidnqy. — The  renal  artery  enters  the 
kidney  at  the  hi! us,  and  divides  into  branches  that  pass  towards 
the  cortex,  then  turn  over  and  form  incomplete  arches  in  the 
region  between  cortex  and  medulla.  From  these  arches  vessels 
pass  to  the  surface  which  are  called  the  interlobular  atttrix: 
they  give  off  vessels  at  right  angles,  which  are  the  af*n*t 
vessels  of  the  t/lomeruli :  a  glomerulus  is  made  up  of  capillaries  a* 
previously  stated.  From  each,  a  smaller  vessel  (the  effzrrvt  vt&Aui 
the  ytonteruhix)  passes  out,  and  like  a  portal  vessel  on  a  small  scale, 
breaks  up  once  more  into  capillaries  which  ramify  between  the 
-convoluted  tubules.  These  unite  to  form  veins  (interUJtular  wiv) 
which  accompany  the  interlobular  arteries ;  they  pass  to  vcumu 
arches,  parallel  to,  but  more  complete  than  the  corresponding 
arterial  arches  :  they  ultimately  unite  to  form  the  renal  vein  that 
leaves  the  hilus.  These  veins  receive  also  others  which  have* 
stellate  arrangement  near  the  capsule  (vence  sfellul(f). 

The  medulla  is  supplied  by  pencils  of  fine  straight  arterioles 
which  arise  from  the  arterial  arches.  They  are  called  mitri* 
rrcttr.  The  efferent  vessels  of  the  glomeruli  nearest  the  inedulh 
may  also  break  up  into  similar  vessels  which  are  called  /i/* 
artvr'uv  nct<t.  The  veins  (vena*  rectre)  take  a  similar  course  and 
empty  themselves  into  the  venous  arches.  In  the  boundary  wot 
groups  of  rasa  recta  alternate  with  groups  of  tubules,  ami  grve 
a  striated  appearance  to  this  portion  of  the  medulla. 

The  Ureters. — The  duct  of  each  kiduey,  or  ur+trt\  is  a  tube 
about  the  size  of  a  goose-quill,  and  from  twelve  to  sixteen  inches 
in  length,  which,  continuous  above  with  the  pelvis,  ends  bekw 
by  perforating  obliquely  the  walls  of  the  bladder,  and  opening 
on  its  internal  surface. 

It  is  constructed  of  three  coats:  (a)  an  outer  Jibrom  coat; 
(I*)  a  middle  muscular  coat,  of  which  the  fibres  are  unstriped,  and 
arranged  in  three  layers — the  fibres  of  the  central  layer  being 
circular,  and  those  of  the  other  two  longitudinal  in  direction; 
the  outermost  longitudinal  layer  is,  however,  present  only  in  the 
lower  part  of  the  ureter ;  and  (c)  a  mucous  -membrtine  continuous 
with  that  of  the  pelvis  above,  and  of  the  urinary  bladder  below. 
It  is  composed  of  areolar  tissue  lined  by  transitional  epithelium. 

The  Urinary  Bladder,  which  forms  a  receptacle  for  the 
temporary  Uxlgiueut  ol  \\v&  \vr\xvfe  \\\  ^fe  \\y\ktw&a  *&  vt%  etoulsiou 
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m  th«  body,  is  pyriforoi,  its  widest  part,  which  u  situate  ah 

!   behiudj  ii  termed  thefundm;  and  the  Barrow  constricted 
portion  in  fnmt  unci  below,  by  wljich  it  becomes  continuous  with 

urethra,  i>  called  it 

It  is  ouwaUuotod  of  lout  cut*,  -  eeraifj  ptnapNlari  a 
<«/>  hhI  ivmooiti.     (a»)  The  Mrtmj  ooat,  which  coven  onlv 

fjoeterior    ami    Upper    part    of    the    bladder,   lias    the    same 

structure  m  that  of  the  peritooeum,  with  which  it  is  ooDtiuiioua 

Tin*  fibres  of    the  mmcul*ir  coat,   which  me  unstriped.  an 

tnged  in  three  Kayere,  <>f  which  the  external  and  internal  have 


F*g.  4»a. — Section  of  a  small  port  urn  «.f  tli.  pRWtitO,     ",  gtutd 

*,  gland  »trn>  t ii 1 1  calculus.      <  adml . ) 


general  longitiidina],  and  the  middle  layer  a  circutar  direction* 

The  latter  are  especially  developed  around  the  cereus  of  the  organ 

form  the  «/'/*<  ■■•■■'.     <■.    The  areoiar  or  taeeniootM  coal 

traded  of  ecttnective-tuwiie  with  a  large  portion  of  elastic 

tibrrs.  /  The  HturiittA  membrane  is  like  that  ol  the  tuvUrs. 
It  is  provided  with  notuoous  glands,  which  are  moat  ttumeroui 
near  the  neck  of  the  bladder. 

The  bladder  is  well  provided  with  MW-  <tml  iyntph-veMtt*,  anil 

with  aertwf.     The  latter  are  both  mcdullated  and  uon-mednllatcd 

fibres,  and  oonaiat  ol  branches  from  the  sacral  plexus  and  hypo- 

GanglJOD   cells   ire   fotllld,  here  ;tod   there,  in  the 

rse  of  the  nerve-fibres. 

The  Urethra. — This  occupies  the  centre  <>f  the  corpus 
■pcmgioevai  in  the  mate.     As  it  paaaee  through  the  prostate  it 

■   lined   by  transitional,  but  elsewhere  by  columnar  epithelium, 
■pi  near  the  orifice,   where  it  is  stratified  UWe  the  *\VuW\\\v\- 
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with  which  it  l>econies  continuous.  The  female  urethra  ha> 
stratified  epithelium  throughout.  The  epithelium  rests  on  a 
vascular  corium,  ami  this  is  covered  by  submucous  tissue  con- 
taining an  inner  longitudinal  and  an  outer  circular  muscular 
layer.  Outside  this  a  plexus  of  veins  passes  insensibly  into  th*.- 
surrounding  erectile  tissue. 

Into  the  urethra  open  a  numl»er  of  oblique  recesses  or  he***, 
a  number  of  small  mucous  glands  (glands  of  Littrej,  two  eom- 
jiouiid  racemose  glands  (('owner's  glands),  the  glands  of  th- 
prostate,  and  the  vas  deferens.  The  prostate,  which  surround*  the 
commencement  of  the  male  urethra,  is  a  muscular  and  glandular 
mass.      Its  glands  are  tubular  and  lined  by  columnar  epithelium. 

The  Functions  of  the  Kidneys. 

The  main  function  of  the  kidneys  is  to  separate  the  urine  fn«u 
the  blood.  The  true  secreting  part  of  the  kidney  is  the  glandular 
epithelium  that  lines  the  convoluted  portions  of  the  tubules: 
there  is  in  addition  to  this  what  is  usually  termed  the  filtering 
apparatus  :  we  have  already  seen  that  the  tufts  of  capillar}'  blood- 
vessels called  the  Malpighian  glomeruli  are  supplied  with  afferent 
vessels  from  the  renal  artery ;  the  efferent  vessels  that  leave 
these  have  a  smaller  calibre,  and  thus  there  is  high  pressure  hi 
the  Malpighian  capillaries.  Certain  constituents  of  the  blood, 
especially  water  and  salts,  pass  through  the  thin  walls  of  these 
vessels  into  the  surrounding  liowman's  capsule  which  forms  the 
commencement  of  each  renal  tubule.  Though  the  process  whkk 
occur*  here  is  generally  spoken  of  as  a  filtration,  yet  it  is  i» 
purely  mechanical  process,  but  the  cells  exercise  a  selective 
influence,  and  prevent  the  albuminous  constituents  of  the  blood 
from  escaping.  During  the  passage  of  the  water  which  leaves  thr 
blood  at  the  glomerulus  through  the  rest  of  the  renal  tuhiile.it 
gains  the  constituents  urea,  urates,  «fcc,  which  are  poured  into  it 
by  the  secreting  cells  of  the  convoluted  tubules. 

The  term  r.rrrefion  is  better  than  secretion  as  applied  to  the 
kidney,  for  the  constituents  of  the  urine  are  not  actually  formed 
in  the  kidney  itself  \ 'as,  for  instance,  the  bile  is  formed  in  the 
liver  ,  but  they  are  formed  elsewhere  ;  the  kidney  is  simply  the 
plaee  where  they  are  picked  out  from  the  blood  and  eliminated 
from  the  body. 

The  Nerves  of  the  Kidney. 

Xn-rrs.  —  The  nerves  of  the  kidney  are  derived  from  the  renal 
plexus  of  each  side.  This  consists  of  both  medullated  and  non- 
inedullated  ncY\c-\\Wes,  vW  Wv\w\  <A  n^xxv^^ym^  \jA\d  of  nerve- 
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cells.  Fibres  from  the  anterior  roots  of  the  eleventh,  twelfth,  and 
thirteenth  dorsal  nerves  (in  the  dog)  pass  into  this  plexus.  They 
are  both  vaso-constrictor  and  vaso-dilatator  in  function.  The 
nerve-cells  on  the  course  of  the  constrictor  fibres  are  situated  in 
the  celiac,  mesenteric,  and  renal  ganglia ;  the  cells  on  the  course 
of  the  dilatator  fibres  are  placed  in  the  solar  plexus  and  renal 
ganglia. 

These  nerves  are  thus  vaso-motor  in  function  ;  we  have  at 
present  no  knowledge  of  true  secretory  nerves  to  the  kidney  ;  the 
amount  of  urine  varies  directly  with  the  blood  -pressure  in  its 
•apillaries. 

Increase  in  the  quantity  of  urine  is  caused  by  a  rise  of  intra- 
capillary  pressure.  This  may  be  produced  by  increasing  the 
general  blood-pressure  ;  and  this  in  turn  may  be  produced  in  the 
following  ways : — 

(1.)   By  increase  in  the  force  or  frequency  of  the  heart  beat. 

(2.)  By  constriction  of  the  arterioles  of  areas  other  than  that 
of  the  kidney,  as  in  cold  weather,  when  the  cutaneous  capillaries 
are  constricted.* 

(3.)  By  increase  in  the  total  contents  of  the  vascular  system, 
as  after  drinking  large  quantities  of  fluid. 

The  blood-pressure  in  the  renal  capillaries  may  also  be 
increased  locally  by  anything  which  leads  to  relaxation  of  the 
renal  arterioles. 

Decrease  in  the  quantity  of  urine  is  produced  by  the  opposites 
in  each  case. 

/  If  the  renal  nerves  are  divided,  the  renal  arterioles  are  relaxed, 
and  pressure  in  the  renal  capillaries  is  raised,  so  there  is  an 
increased  flow  of  urine.  This  is  accompanied  by  an  increase  in 
the  volume  of  the  kidney,  as  can  be  seen  by  the  oncometer. 

Stimulation  of  the  divided  nerves  produces  a  diminution  in 
the  amount  of  urine,  and  a  shrinkage  of  the  kidney  due  to  a 
constriction  of  its  blood-vessels.  I 

If  the  splanchnic  nerves  are  experimented  with  instead  of  the 
renal,  the  effects  are  not  so  marked,  as  these  nerves  have  a  wide 
distribution,  and  section  leads  to  vascular  dilatation  in  the  whole 
splanchnic  area  ;  hence  the  increase  in  pressure  in  the  renal 
capillaries  is  not  so  noticeable. 

Puncture  of  the  floor  of  the  fourth  ventricle  in  the  neighbour- 
hood of   the   vaso-motor  centre  (close  to  the  spot,  puncture  of 


*  The  reciprocal  action  between  skin  and  kidneys  will  be  discussed  more 
fully  in  the  chapter  on  the  skin. 

f*The  nerves  also  contain  vaso-dilatator  fibres,  which  arc  excited  when  a 
slow  rntc  of  stimulation  is  used  (see  p.  302). 
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OCCUR 

Wf  thus  see   that   the  auionnt   of    urine    vanes    with  bloc 
pressure.     But  such  a  statement  does  not   give  Ike  whoi 
Increase  of  blood-pressure  and    an   rncreaai 
flowing    through    the    kidney    go    together    when    the 


*  CH.  xxxvi.]  THE    RENAL    EPITHELIUM.  525 

k  circulating  normally,  and  it  is  really  the  increase  in  the  amount  of 
Wood  which  causes  the  rise  in  the  amount  of  urine  secreted.  If 
the  blood-pressure  is  increased  without  allowing  the  blood  to  flow 
the  amount  of  urine  formed  is  not  raised.  This  can  be  done  by 
ligaturing  the  renal  vein  ;  the  blood-pressure  within  the  kidney 
then  rises  enormously,  but  the  flow  of  urine  stops. 

Another  effect  of  ligaturing  the  blood-vessels  of  the  kidney 
must  be  here  mentioned.  If  the  vessels  are  temporarily  ligatured, 
and  then  the  ligature  be  released,  the  urine  which  is  then  formed 
is  for  a  time  albuminous.  This  is  because  the  temporary  aiuemia 
of  the  kidney  produced  by  the  ligature  has  lessened  the  vitality 
of  the  renal  epithelium  in  such  a  way  that  it  is  no  longer  able  to 
prevent  the  escape  of  albumin  from  the  blood. 

The  Oncometer  is  an  instrument  constructed  on  plethysmo- 
graphy principles,  by  means  of  which  the  volume  of  the  kidney 
is  registered.  The  general  characters  of  this  instrument  are 
.  described  in  the  diagrams  on  pp.  303,  304.  The  special  form 
adapted  for  the  kidney  is  shown  in  fig.  413.  An  air  oncometer 
connected  with  Marcy's  tambour  gives  equally  good  or  even 
better  results. 

It  is  found  that   the   effect  on   the  volume  of  the  organ  of 
dividing  or  stimulating  nerves  corresponds  to  blood-pressure.     A 
^  rise  of  blood-pressure  in  the  renal  artery  is  produced  by  con- 
striction of  the  renal  arterioles ;  this  is  accompanied  by  a  fall  of 
pressure  in  the  renal  capillaries,  and  a  shrinkage  of  the  kiduey. 

*  Increase  in  the  volume  of  the  kidney  is  produced  by  the  opposite 
■     circumstances. 

f  The  accompanying  tracing  (fig.  414)  shows  that  in  a  kidney 
curve  one  gets  a  rise  of  volume  due  to  each  heart  beat,  and  larger 
waves  which  accompany  respiration.  In  many  cases  larger  sweeping 
waves  (Traube-Hering  curves)  are  often  shown  as  well.  If  a 
kidney  curve  is  compared  with  a  tracing  of  arterial  pressure,  it 
will  be  seen  that  the  rise  of  arterial  pressure  coincides  with  a  fall 
of  the  oncograph  lever  due  to  constriction  of  the  renal  vessels. 
Diuretics  are  drugs  which  produce  an  increased  flow  of  urine  ; 

r  they  act  in  various  ways,  some  by  increasing  the  general  blood- 
pressure,  others  by  acting  locally  upon  the  kidney  (increasing  its 
volume  as  measured  by  the  oncometer) ;  under  this  latter  head 

a    are  doubtless  to  be  included  some  also  which  act  on  the  renal 

'    epithelium  rather  than  on  the  blood-vessels. 

Activity  of  the  Renal  Epithelium. 

1        The  epithelium    of  the    convoluted  tubules  has  a   structure 
1     which  suggests  from  its  resemblance  to  other  forms  of  secreting 
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•  pith*  li urn.-,  that  its  function  here  also  is  secreting.  Thi-  i? 
c«.n  firmed  by  the  manner  in  which  the  blood-vessels  break  up  im 
capilhtrie-*  around   these  tubule*  :    and    is   further  confinmil  \.\ 

•■Xperilliellt-. 

H»i  den  bain  has  •shown  that  if  a  substance  (sodium  hnlpb- 
;ndi::otute),  which  ordinarily  produces  blue  urine,  U  inject*! 
iiit<»  the  blood  < after  section  of  the  medulla  oblongata,  whiri 
raiN."«  lowering  of  the  blood-pressure  in  the  renal  irlointreli, 
\ihi-n  the  kidney  is  examined,  the  cells  of  the  convoluted  tubule 
<and  of  the>e  alone)  are  stained  with  the  substance,  h Inch  U  Abu 
found  in  the  lumen  of  the  tubules.  This  shows  that  the  pigment 
at  any  rate  is  eliminate/1  by  the  cells  of  the  convoluted  tubufo. 
and  that  when  by  diminishing  the  blood-pressure,  the  tiltrati* 
of  urine  is  stopped,  the  pigment  remains  in  the  convoluted  tab*, 
and  i>  not,  as  would  be  under  ordinary  circumstance*,  svtp: 
away  from  them  by  the  flushing  of  them  by  the  watery  jjtn 
of  urine  derived  from  the  glomeruli.  It  therefore  is  pruUl* 
that  the  cells,  it  they  excrete  the  pigment,  excrete  urea  and  othtf 
-ilbNtaliecK  also. 

I >i it  the  proof  is  not  absolute,  for  the  pigment  is  a  form 
substance.  I'rea  is  a  very  difficult  substance  to  trace  hi  this 
way  because  it  does  not  leave  any  coloured  trail  behind  it.  1b 
bird*  the  place  of  urea  is  taken  by  uric  acid,  and  the  urates  oc 
be  actually  t laced,  because  they  are  deposited  as  crystals,  aol 
••an  be  seen  in  the  cells  and  convoluted  tubes  much  in  the  sum 
way  as  llcidcnhaiifs  blue  pigment. 

Another  series  of  experiments,  however,  has  proved  the  pwu: 
for  the  ease  of  urea. 

liy  using  the  kidney  of  the  frog  or  newt,  which  has  two  distinct 
\asnilar  supplies,  one  from  the  renal  artery  to  the  glomeruli. *ul 
the  other  from  the  renal-portal  vein  to  the  convoluted  tubes 
Nussbauin  has  shown  that  certain  foreign  substances,  r.;/.  peptonic 
and  sugar,  when  injected  into  the  blood,  are  eliminated  by  the 
glomeruli,  and  so  are  not  got  rid  of  when  the  renal  arteries  ai* 
t  ied  ;  whereas  certain  other  substances,  *•.#/.  urea,  when  injected  into 
the  blood,  are  eliminated  by  the  convoluted  tubes,  even  when  the 
renal  arteries  have  been  tied.  This  evidence  is  very  direct  that 
urea  U  excreted  by  the  convoluted  tubes,  and  cannot  lie  considered 
to  be  invalidated  by  the  statement  made  by  Adami  that  there  i? 
a  slight  anastomosis  between  the  two  sets  of  vessels. 

If  the  part  of  the  cortex  of  the  kidney  which  contains  the 
glomeruli  is  removed,  urea  still  continues  to  be  formed.  This*  is 
an  additional  proof  that  the  excretion  is  performed  by  the  port  inn* 
"f  the  conxoluted  tubules  that  remain. 
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The  Work  done  by  the  Kidney. 

Recent  work  by  Starling,  Hamburger,  Dreser,  and  others  has 
shown  the  great  importance  a  proper  study  of  osmosis  in  the 
body  has  in  the  understanding  of  many  physiological  facts. 

The  subject  is  by  no  means  a  simple  one,  but  the  following 
account  of  its  bearing  on  urinary  secretion  (abstracted  from 
•Starling)  will  not  lead  us  into  anything  very  abstruse. 

We  have  already  seen  that  the  urine 
is  separated  from  the  blood  by  a  pro-  || 

€3688  which  is  not  the  simple  one  called 
filtration.  This  is  further  supported 
by  the  fact  that  it  is  possible  to 
measure  the  work  of  the  kidney,  and 
it  is  found  to  be  vastly  greater  than 
"could  be  carried  out  by  the  intra- 
capillary  blood-pressure.  The  follow- 
ing facts  will  also  teach  us  that 
reabsorption  of  water  cannot,  as  Lud- 
wig  held,  take  place  in  the  tubules. 

The  measurement  of  the  work  done 
by  the  kidney  depends  upon  a  deter- 
mination of  the  respective  osmotic 
pressures  of  the  urine  and  blood  plasma. 
If  a  bladder  containing  strong  salt 
solution  is  placed  in  a  vessel  of  distilled 
water,  water  passes  into  the  bladder  by 
diffusion  or  osmosis,  so  that  the  bladder 
is  swollen,  and  a  manometer  connected 
with  its  interior  will  show  a  rise  of 
pressure  (osmotic  pressure).  But  the 
total  rise  of  pressure  cannot  be  mea- 
sured in  this  way  for  two  reasons  : 
( 1 )  because  the  salt  diffuses  out  as  the 
water  diffuses  in  ;  and  (2)  because  the 
membrane  of  the  bladder  leaks ;  that 
is,  permits  of  nitration  when  the  pressure  within  it  has  attained 
a  certain  height. 

It  is  therefore  necessary  to  use  a  membrane  which  will  not  allow 
salt  to  pass  out  either  by  oRmosis  or  nitration,  though  it  will 
let  the  water  pass  in.  Such  membranes  are  called  semi-jwmeable 
membranes,  and  one  of  the  best  of  these  is  ferrocyanide  of  copper. 
This  may  be  made  by  taking  a  cell  of  porous  earthenware  and 
washing  it  out  first  with  copper  sulphate  and  then  with  potassium 


Fig.  415.— A,  uuter  vernel,  con- 
taining distilled  water;  B, 
inner  semi-permeable  vowel 
containing  1  per  cent,  salt 
solution ;  M.  mercurial 
manometer.  (After  Star- 
ling.) 
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lerrocyanide.     An  insoluble  precipitate  of  copper  fern  icy  jiu&.  > 
tli ii-  debited  iu  the  pores  of  the  earthenware. 

If  »ueh  a  cell  is  arranged  as  ill  fig.  415,  and  tilled  with  :t  1  j*r 
cent,  solution  of  sodium  chloride,  water  diffuses  in,  till  the  pwv 
mi  re  registered  hy  the  manometer  reaches  the  enormous  height 
of  5 coo  niillim.  of  mercury.  If  the  pressure  in  the  u>li  is 
increased  beyond  this  artificially,  water  will  be  pressed  thnn^fc 
the  semi-permeable  walls  of  the  cell  and  the  solution  will  Ittcuiuc 
more  concentrated. 

Iu  other  words,  in  order  to  make  a  solution  of  sodium  chlurik 
of  greater  concentration  than  1  per  cent.,  a  preH.su re  jrreater  than 
5000  mm.  of  mercury  must  be  employed.  The  osmotic  pressure 
exerted  by  a  2  per  cent,  solution  would  be  twice  as  *rreat. 

It  is,  moreover,  found  that  the  osmotic  pressures  of  Yarrow 
solutions  depend  merely  on  the  number  of  molecules  of  any  sub- 
stance present  :  the  nature  of  the  substance  makes  no  difference. 
The  osmotic  pressure  is,  in  fact,  equal  to  that  which  the  dissolved 
substance  would  exert  if  it  occupied  the  same  space  in  the  ion 
of  a  «jas. 

Hence,  if  the  osmotic  pressures  of  blood  plasma  and  urine  ait 
determined,  the  work  done  by  the  kidney  cells  in  order  to  separate 
from  the  blood  plasma  a  fluid  with  the  osmotic  pressure  of  tkt 
urine,  can  be  estimated. 

We  may  take  some  examples  from  Dreser's  work.  He  txl 
the  case  in  which  200  c.c.  of  urine  were  excreted  during  u  night; 
the  blood  plasma  in  this  case  had  an  osmotic  pressure  =  0*92 
per  cent,  solution;  while  that  of  the  urine  was  =  4*0  percent 
solution  of  sodium  chloride.  In  this  case  the  kidney  had  per- 
formed 37  kilogramme-metre**  of  work.  Iu  another  case  of  mort 
concentrated  urine  obtained  from  a  cat  previously  deprived  of 
water  for  three  days,  the  numbers  were  respectively  1*1  and  80. 
The  difference  was  equal  to  a  pressure  of  498  metres  of  water: 
m>  that  the  kidney  had  separated  urine  from  the  blood  against 
a  pressure  of  40,800  grammes  per  square  centimetre,  a  fore* 
about  six  time*  greater  than  the  maximum  force  of  voluntary 
muscle. 

The  actual  nii'tlunl  of  otiinatiitg  oMiiotie  pressure  i>  not  by  means *&  a 
maiitiiiiotor  a>  in  the  tliairram.  hut  hy  certain  indirect  methods.  The otc 
usually  employe* I  de| »eiu Is  on  the  fact  that  the  freezing  point  of  a  &olnti«i 
of  any  -ulMance  in  water  i>  lower  than  that  of  water  ;  the  lowering  of  the 
five/iiiir  point  N  proportional  t«»  the  molecular  concent  rat  ion  of  t  he  di*ol  vol 
MilMamv.  ami  that  :i>  we  have  -11*11  i>  proportional  to  the  osmotic  prewar. 
The  v:r:itiiiiK'-iiiouviile  is  the  number  of  grammes  corresponding  to  tl» 
molecular  weight.  Tlui-  the  jrraiiime-moiecular  weight  of  sodium  chloride 
!>  sS  •$-  s:i-aiuiiu-N  1  Na  -  _»j  ;  i'\  -  3537  V  and  of  prape  sugar  (CcH^O*)  1795* 
^i'atuiiu*N.     When  a  irranime-inolecule  of  anv  substauce  is  dissolve*!  in  n  Otw 
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of  water,  the  freezing  point  is  lowered  by  i*8°  C,  and  the  osmotic  pressure 
is  16,986  mm.  of  mercury.  From  this  wc  can  calculate  the  osmotic  pressure 
of  any  solution  if  we  know  the  lowering  of  its  freezing  point. 

_                              lowering  of  freezing  point      ^    _ 
Osmotic  pressure  = - — ~ e_e: + 16,986. 

For  example,  a  1  per  cent,  solution  of  sugar  would  freeze  at  —  0*052°  C. 

-»*  *•  •    .i  -052  +  16,986  . 

Its  osmotic  pressure  is  therefore ^ =490  mm.  of  mercury. 

The  osmotic  pressure  of  solutions  may  also  be  compared  by  observing  their 
«;ffect  on  red  blood  corpuscles,  or  on  vegetable  cells  such  as  those  in  Trades- 
cantia.  If  the  solution  is  hypertonic,  i.e.  has  a  greater  osmotic  pressure  than 
the  cell  contents,  the  protoplasm  shrinks,  and  loses  water,  or  if  red  corpuscles 
are  used,  they  become  crenated  ;  if  the  solution  is  hypotonic,  Le.  has  a  less 
osmotic  pressure  than  the  material  within  the  cell-wall,  no  shrinking  of  the 
protoplasm  in  the  vegetable  cell  takes  place,  and  if  red  corpuscles  are  used 
they  swell  and  liberate  their  pigment.    Isotonic  solutions  produce  neither  of 

these  effects,  because  they  have  the  same  molecular  concentration  and 

osmotic  pressure  as  the  material  within  the  cell-wall. 


Extirpation  of  the  Kidneys. 

Extirpation  of  one  kidney  for  various  diseases  (stone,  «fcc.),  is  a 
by  no  means  uncommon  operation.  It  is  not  followed  by  any 
uutoward  result  The  remaining  kidney  enlarges  and  does  the 
work  previously  shared  between  the  two. 

Extirpation  of  both  kidneys  is  fatal ;  the  urea,  <fec,  accumulate 
in  the  blood,  and  the  animal  dies  in  a  condition  of  deep  coma 
preceded  by  convulsions  (ureemia).     See  p.  536. 

Ligature  of  both  renal  arteries  practically  amounts  to  the  same 
thing  as  extirpation  of  the  kidneys,  and  leads  to  the  same  result. 
If  the  ligature  is  released  the  kidney  once  more  sets  to  work,  but 
the  urine  secreted  is  then  albuminous,  owing  to  the  epithelium 
having  been  impaired  by  being  deprived  for  a  time  of  its  normal 
blood  supply. 

Removal  of  one  kidney,  followed  at  a  later  period  by  removal 
of  a  half  or  two-thirds  of  the  other  leads  in  dogs,  in  which  the 
operation  has  been  performed  by  Bradford,  to  a  surprising  result. 
After  the  second  operation  the  urine  is  increased  in  amount,  and 
the  quantity  of  urea  is  much  greater  than  normal.  This  comes 
from  a  disintegration  of  the  nitrogenous  tissues;  the  animal 
wastes  rapidly  and  dies  in  a  few  weeks.  It  is  thus  evident  that 
the  kidneys  play  an  important  part  in  nitrogenous  metabolism 
apart  from  merely  excreting  waste  substances.  The  exact 
explanation  has  still  to  be  found,  but  it  is  possible  that  the 
kidney,  like  the  pancreas  and  liver,  and  many  ductless  glands, 
forms  an  internal  secretion  (see  p.  480). 

k.p.  w  fc\ 
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The  Passage  of  Urine  into  the  Bladder. 

As  each  portion  of  urine  is  secreted  it  propels  tliat  whieb  i» 
already  in  the  urinifcrous  tubes  onwards  into  the  pelvis  of  the 
kidney.  Thence  through  the  ureter  the  urine  pauses  into  tfat 
Madder,  into  which  its  rate  and  mode  of  entrance  bus  beta 
watched  in  cases  of  ectopia  vesicft,  i.e.  of  such  fissure*  in  the 
anterior  and  lower  part  of  the  walls  of  the  abdomen,  and  of  tk 
front  wall  of  the  bladder,  as  cxi>ose  to  view  its  hinder  wiD 
together  with  the  orifices  of  the  ureters.  The  urine  does  aoc 
enter  the  bladder  at  any  regular  rate,  nor  is  there  a  synchrooia 
in  its  movement  through  the  two  ureters.  During  fasting,  tio 
or  three  drops  enter  the  bladder  every  minute  ;  each  drop  u  it 
cuters  first  raises  up  the  little  papilla  through  which  the  ureter 
opens,  and  then  passes  slowly  through  its  orifice,  which  atom 
again  closes  like  a  sphincter.  In  the  recumbent  posture,  tk 
urine  collects  for  a  little  time  in  the  ureters,  then  flows  genilj, 
and,  if  the  body  is  raised,  runs  from  them  in  a  stream  tiU  tber 
are  empty.  Its  flow  is  aided  by  the  peristaltic  contractions  of  the 
ureters,  and  is  increased  in  deep  inspiration,  or  by  straining,  aid 
in  active  exercise,  and  in  fifteen  or  twenty  minutes  after  a  moL 
The  urine  is  prevented  from  regurgitation  into  the  ureters  ky 
the  mode  in  which  these  pass  through  the  walls  of  the  bladder, 
namely,  by  their  lying  for  between  half  and  three-quarters  of  il 
inch  between  the  muscular  and  mucous  coats  l»efore  they  tore 
rather  abruptly  forwards,  and  opeu  through  the  latter  into  the 
interior  of  the  bladder. 

Micturition. 

The  contraction  of  the  muscular  walls  of  the  bladder  maj 
by  itself  expel  the  urine  with  little  or  no  help  from  othw 
muscles.  In  so  far,  however,  as  it  is  a  t*>luntary  act,  it  il 
performed  by  means  of  the  alriominal  and  other  expiratory 
muscles,  which  in  their  contraction  press  on  the  abdominal 
viscera,  the  diaphragm  being  fixed,  and  cause  the  expubiuo 
of  the  contents  of  those  whose  sphincter  muscles  are  at  the 
same  time  relaxed.  The  muscular  coat  of  the  bladder  co-operat«. 
iu  micturition,  by  reflex  involuntary  action,  with  the  abdominal 
muscles  ;  and  the  act  is  completed  by  the  acrrhmtor  f/nW. 
which,  as  its  name  implies,  quickens  the  stream,  and  expels  the 
last  drop  of  urine  from  the  urethra.  The  act.  so  far  as  it  is  nut 
directed  by  volition,  \s  wwdv^v  U\<i  control  of  a  nervous  crntrr  in 
the   lumbar  symuu   vivivCV,  v\\vo\\^\  \n\vv\v,  ■»&  \w  n^  \s%»*  ^^. 
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imilar  centre   for   defalcation,   tlie    various    muscles    concerned 

arc  harmonised    in  their  action.      It  is  well   known   that  the  act 

ay  be  retiexly  induced,  cjj.  in  children  who  sutler  from  intestinal 

or  oilier  such  irritation,      Generally  the  Jiilerent    impulse 

ch  calls  into  action  the  desire  to  micturate  is  excited  by  over 

atension  of  the  bladder,  or  even  by  B  few  drops  of  urine  passing 

into   the  urethra,     The  impulse  passes  up  to  the  lumbar  centre 

and  produces  on  the  one  hand  inhibition  of  the  sphincter  and  on 

other    hand    contraction    of    the    necessary    mus«  les    for  the 

expulsion   of   the   contents  of  the  Madder.      The   tonic  action  of 

lumbar  centre  can  alao  foe  inhifoitcd  hy  the  will. 

The  bladder  receives  nerves  Eroni  two  sources: — (i)  from  the 

lower  dorsal  and  upper  lumbar  nerves  ;  these  fibres  pa 

sympathetic   chain,  from   here  to  the   inferior  mesenteric   gang 

lion,  and  ultimately  reach  the  bladder  by  the  hypogastric  ner\<~. 

mutation   of   these   nerves   causes   contraction  of  the  circular 

fibre*   of  the   bladder!   including    the  sphincter;    (2)    from    the 

second  and  third  sacral  nerves  ;  these  run  to  the  bladder   by  the 

Bervi    erigeutee.      Stimulation    of  these   nerves   causes  relaxation 

of  the  sphincter  and  contraction  of  the  detrusor  urime,      (ZeissL) 

Lang  ley  and  Anderson  find  however  that  stimulation  of  both  sets 

of  nerves  causes  contraction  of  both  longitudinally  and  circularly 

arranged  muscle  bundles. 


CHAPTER  XXXVII. 

THE  tlHIKE. 

Quantity. — A  man  of  average  weight  and   height  passes  from 

1,400' to   it6oo  c.c,  or  about  50  oz.  daily.      This  contain!  ■) 1 

50  grammes  ( 1  j  oz.)  of  solids,  For  analytical  purposes  it  should 
be  collected  in  a  tall  glass  vessel  capable  of  holding  3,000  c.c, 
which  should  have  a  smooth-edged  neck  accurately  covered  by  a 
ground-glass  plate  to  exclude  dust  and  prevent  evaporation.  The 
-<■!,  moreover,  should  be  graduated  so  that  the  amount  may 
be  easily  read  off.  From  the  total  quantity  thus  collected  in  the 
twenty-four  hours,  samples  should  be  drawn  off  for  examination. 

Colour. — This  is  some  shade  of  yellow  which  varies  consider- 
ably in  health  with  the  concent  ml  km  of  the  urine.      K  \*  e\\v*  to 
mixture  of  pigments  ;  of  these  urobilin  is  the  one  *>\  \s\\\<&\  \\*i 


S32  THE     URINE.  [CH.XUTB. 

have  the  most  accurate  knowledge.  Urobilin  has  a  reddish  tint 
and  i*  undoubtedly  derived  from  the  blood  pigment,  and,  like 
bile  pigment,  is  an  iron-free  deri\-ative  of  haemoglobin.  The 
theory  usually  accepted  concerning  its  mode  of  origin  is  that  bile 
pigment  is  in  the  intestines  converted  into  stercobilin  ;  that  rot 
of  the  stercobilin  leaves  the  body  with  the  fteces;  thatwmek 
reabsorbed  and  is  excreted  with  the  urine  as  urobilin.  Beth 
stercobilin  and  urobilin  are  very  like  the  artificial  reduction  pro- 
duct  of  bilirubin  called  hydrobilirubin  (see  p.  491).  Xonul 
urine,  however,  contains  very  little  urobilin-  The  actual  buij 
present  is  a  chrornogen  or  mother  substance  called  urobilinogen 
which  by  oxidation,  for  instance  standing  exposed  to  the  air.  is 
converted  into  the  pigment  proper.  In  certain  diseased  conditMm 
the  amount  of  urobilin  is  considerably  increased. 

The  most  abundant  urinary  pigment  is  a  yellow  one,  named 
urwhrome.  It  shows  no  absorption  bands.  It  is  probably  a 
oxidation  product  of  urobilin.     (Riva,  A.  E.  GarrocL) 

Reaction. — The  reaction  of  normal  urine  is  acid.  This  b  not 
due  to  free  acid,  as  the  uric  and  hippuric  acids  in  the  urine  ir 
combined  as  urates  and  hippurates  respectively.  The  aridity  b 
due  to  acid  salts  of  which  acid  sodium  phosphate  is  the  mot 
important.  Under  certain  circumstances  the  urine  becomes  las 
acid  and  even  alkaline ;  the  most  important  of  these  are  u 
follows  : — 

1.  During  digestion.  Here  there  is  a  formation  of  free  acid  a 
the  stomach,  and  a  corresponding  liberation  of  bases  in  the  blood, 
which,  passing  into  the  urine,  diminish  its  acidity,  or  even  render 
it  alkaline.  This  is  called  the  alkaline  tide;  the  opposite  coo- 
ditiou,  the  acid  tide,  occurs  after  a  fast — for  instance!  befon 
breakfast. 

2.  In  herbivorous  animals  and  vegetarians.  The  food  hew 
contains  excess  of  alkaline  salts  of  acids  like  tartaric,  citric,  malic, 
Ac.  These  acids  are  oxidised  into  carbonates,  which  passing  into 
the  urine  give  it  an  alkaline  reaction. 

Specific  Gravity. — This  should  be  taken  in  a  sample  of  the 
twenty-four  hours'  urine  with  a  urinometer. 

The  specific  gravity  varies  inversely  as  the  quantity  of  urine 
passed  under  normal  conditions  from  10 15  to  1025.  A  spedfe 
gravity  below  1010  should  excite  suspicion  of  hvdruriA ;  <ne 
over  1030,  of  a  febrile  condition,  or  of  diabetes,  a  disease  in  whka 
it  may  rise  to  1050.  The  specific  gravity  has,  however,  been 
known  to  sink  as  low  as  1002  (after  large  potations,  urinapotu$\ 
or  to  rise  as  high  as  1035  (after  great  sweating)  in  perfectr/ 
healthy  persons. 
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Composition. — The  followniL'  table  drives  the  average  amounts 
"f  the  urinary  constituents  passed  by  a  man  in  tile  twenty-four 
hours :  — 

*1  quantity  «>f  hi  inr                         t  1500*00 

Water .    1440*00 


Bolide 

Uric  acid 
Soilium  chloride 
Phosphoric  acid 
Sulphuric  acid 
Ammonia     . 

inific! 
Chlorine 
P<  lUixsitini 

urn 
1  'nli-ium  , 
Magnesium  . 
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The  must  abundant  constituents  tif  the  urine  are  water,  urea, 
■nd  sodium  chloride.     In  tin    foregoing  table  one  must  not  be 

sled  by  seeing  the  names  «if  the  acids  and  metals  separated. 
The  acids   and    the   bases  are   combined   to  form   suits,   w& 
urates,  chlorides,  sulphates,  phosphates,  itc. 

TJrea. 

Urea,  or  Carbamide,  CO(NHs)^  is  isomeric  (that  is,  has  the 

me  empirical,  but  not  the  same 
Structural  formula)  with  ammo- 
nium r vallate  {NHJ  CNO,  from 
which  it  was  first  prepared  syn- 
thetically by  Wohler  in  1H2H. 
Sinoe  then  it  ha-  fin  11  [iivpuivd 
synthetically  in  other 
Wonder's  observation  derives  in- 
terest from  the  Fact  that  this 
was  the  first  organic  substance 
which  was  prepared  synthetically 
by  chemists. 

When  crystallised  out  from 
the  urine  it  is  found  to  be  readily 
soluble  both  in  water  and  alcohol: 

it  has  a  saltish   taste,  and   is  neutral  to  litmus  paper. 
of  its  crystals  is  shown  in  fig,  416. 

When  treated  with  nitric  acid,  nitrate  of  urea  (CONjHj.HNOb) 
is  farmed  ;  this  crystallises  in  octahediti,  kWBngc  shaped  tablets 
Of  hexagons   (fig.  41  7).       When    treated    with    oxalic   acid,  flat    Of 


Fig.  416.— Cryirtiik  of  Urea. 


The  form 
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prismatic  crystals  of  urea  oxalate  (COX^-HjC/^+HjO)  are 
formed  (^.  418). 

These  crystals  may  be  readily  obtained  by  adding  exeat  of  the 
respective  acids  to  urine  which  has  been  concentrated  to  a  third 
or  a  quarter  of  its  bulk. 

I'nder  the  influence  of  an  organised  ferment,  the  turuk  « 
micrococcus  urete,  which  grows  readily  in  stale  urine,  met 
takes  up  water,  and  is  converted  into  ammonium  carbooife 
[COX2H4  +  2H20  =  (NH^COs].  Hence  the  ainmouiacal  odour  of 
putrid  urine. 

By  means  of  nitrous  acid,  urea  is  broken  up  iuto  carbonic  acid, 
water  and  nitrogen,  CX)XaH4+2HXOa  =  CCIa  +  3rlai)+2Xf.   Tit 


Fijf.  j  1 7.  -CryBtalu  of  Urea  nitrate, 


Fig.  418. — Crystals  of  Ureaastbfc. 


evolution  of  gas  bubbles  which  takes  plaoe  on  the  addition  at 
fuming  nitric  acid  may  be  used  as  a  test  for  urea. 
Hypohromitc    of    soda   decomposes    urea     in     the 

wav  : — 


folloYrag 


0>XaH4    +    3XaBrO   =   CO*   +    X2    +    2HaO    + 

l"iva  Sodium         ^Carbonic      [  Nitrogen  ~     [W«t*»r2 

hypobromite]      *     acid] 

This  reaction  is  important,  for  on  it  one  of  the  best  methods 
for  estimating  urea  depends.  There  have  been  various  pieces  of 
apparatus  invented  for  rendering  the  analysis  easy;  but  the  one 
described  below  is  the  best.  If  the  experiment  is  performed  u 
directed,  nitrogen  is  the  only  gas  that  comes  off,  the  carbonic 
aeid  being  absorbed  by  excess  of  soda.  The  amount  of  nitrogen 
is  a  measure  of  the  amount  of  urea, 

hupiv's  apparatus  (fig.  419)  consists  of  a  bottle  (A*)  united  to  a  mcasorio? 
tuU*  hy  iihliarubbtT  tubing.  The  measuring  tube  (C)  is  placed  within  a 
eylmdiM-  of  water  ( IV).  ami  can  lie  raised  and  lowered  at  wilL  Meawe 
25  e.e.  of  alkaline  >nlutiim  of  sodium  hypobromitc  (made  by  mixing  2  ex. 
of  bromine  with  23  e.e.  of  a  40  per  cent,  solution  of  caustic  soda)  into  the 
lmttle  A.  Measuiv  5  e.e.  of  urine  into  a  small  tube  (B).  and  lower  it  caie- 
fully.  m»  that  no  urine  ^pilN.  into  the  bottle.  Close  the  bottle  securely  with 
a  stopper  perforated  by  a  «:la>s  tube  :  this  glass  tube  (the  bulb  blown  on  this 
tube  prevent*  fix^th  from  passing  into  the  rest  of  the  apparatus)  is  conneetal 
to  the  measuring  tube  by  iudvATuhbet  lubuv^axwl  a.  T-\tioce.  The  tbinl  limb 
Of  the  T-pieoe  \*  oV^h\*V\  ^v  \\\<h>*  o\  \\wVvaxvA\«T  Vafevrot  tsoiX  ^ \£ca^sv>^ 
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seen  at  the  top  of  the  figure.    Open  the  pinch-cock  ami  lower  the  measuring 

tube  until  the  surface  of  the  water  with  which  the  outer  cylinder  is  filled  is 

at  the  zero  point  of  the  graduation.     Close  the  pinch-cock,  and  raise  the 

measuring  tube  to  ascertain  if  the  apparatus  is  air-tight.     Then  lower  it 

again.    Tilt  the  bottle  A  so  as  to  upset  the  urine,  and  shake  well  for  a  minute 

or  so.     During  this  time  there  is  an  evolution  of 

jpis.    Then  immerse  the  bottle  in  a  large  beaker 

containing  water  of  the  same  temperature  as 

that  in  the  cylinder.   After  two  or  three  minutes 

raise  the  measuring  tube  until  the  surfaces  of 

the  water  inside  and  outside  it  are  at  the  same 

level.     Read  off  the  amount  of  gas  (nitrogen) 

evolved.     35*4  c.c.  of  nitrogen  are  yielded  by 

o*i  gramme  of  urea.    From  this  the  quantity  of 

urea  in  the  5  c.c.  of  urine  and  the  percentage  of 

urea  can  be  calculated.    If  the  total  urea  passed 

in  the  twenty-four  hours  is  to  be  ascertained,  the 

twenty-four    hours'    urine   must    be   carefully 

measured  and  thoroughly  mixed.    A  sample  is 

then  taken  from  the  total  for  analysis ;  and 

then,  by  a  simple  sum  in  proportion,  the  total 

amount  of  urea  i«  ascertained.     Sometimes  the 

measuring  tubes  supplied  with  this  apparatus 

are  graduated   in   divisions  corresponding  to 

jicrcentages  of  urea. 

Another  method  (Liebig's)  of  estimating  urea 
in  urine  is  the  following : — Take  40  c.c.  of 
urine ;  add  to  this  20  c.c.  of  baryta  mixture 
(two  volumes  of  barium  hydrate  and  one  of 
barium  nitrate,  both  saturated  in  the  cold). 
Filter  off  the  precipitate  of  barium  phosphate 
and  sulphate  which  is  formed.  Take  15  c.c.  of 
the  filtrate  (this  corresponds  to  10  c.c.  of  urine) 
in  a  beaker.  Run  into  it  from  a  burette 
standard  mercuric  nitrate  solution  of  such 
a  strength  that  1  c.c.  exactly  precipitates 
o*oi  gramme  of  urea  as  a  compound  with  the 
formula  (CON2H4).2Hg(N08).2(HgO)a.  The  solu- 
tion is  run  in  until  the  precipitate  ceases  to 
form,  and  free  mercuric  nitrate  is  present 
in  the  mixture  ;  this  can  be  detected  by  the 
yellow  colour  a  drop  of  the  mixture  gives  with 
a  drop  of  saturated  solution  of  sodium  car- 
bonate on  a  white  slab.  The  amount  used  from 
the  burette  can  be  read  off,  and  the  percentage 
of  urea  calculated.  In  another  specimen  of 
the  same  urine,  the  chlorides  are  then  esti- 
mated, and  1  gramme  of  urea  subtracted  for  every  13  gramme  of  sodium 
chloride  formed. 

The  hypobromite  and  Liebig's  method  give  practically  identical  results; 
the  former  is  the  easier  to  perform  and  the  results  are  sufficiently  accurate 
for  ordinary  purposes. 


419.— Duply's    urea 
apparatus. 


The  quantity  of  urea  is  somewhat  variable,  the  chief  cause 
of  variation  being  the  amount  of  proteid  food  ingested.  In  a 
man  in  a  state  of  equilibrium  the  quantity  of  urea  secreted  daily 
is  about  33  to  35  grammes  (500  grains).    The  normal  percentage  in 
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human  urine  is  2  per  cent. :  but  this  also  varies,  because  thee*- 
filtration  of  tbe  urine  varies  considerably  in  health.     In  dogs  it 
nittv  be    10  per  cent.     The  excretion   of  urea  is  usually  it  » 
maximum  three  hours  after  a  uieal,  especially  after  a  meal  richm 
pnit»i'L».     The  urea  does  nut  come,  however,  direct  from  the  fond; 
the  !'•-*!   iiiii^t  be  tint  assimilated,  and  becoiue  part  of  the  huh 
liefer*.-  it  caii  break  down  to  form  urea.     An  exceptiou  to  this  nik 
i»  to  1*  found  in  the  case  of  the  amido-acids,  especially  leucine 
and  arginine  (see  p.  475),  which  are  formed  in  the  intestinal  cam] 
from  proteids  'luring  digestion.      These  substances  are  carried  to 
the  liver,  and  there  converted  into  urea ;   but  only  a  very  small 
fraction  of  the  urea  iu  the  urine  is   formed  in  this  way.    Food 
increases  the  elimination  of  urea  because  it  stimulates  the  time* 
to  increased  activity  :  their  waste  nitrogenous  products  are  coa- 
verted  into  urea,  which,  passing  into  the  blood,  is  directly  excreted 
by  the  kidneys.     The  greater  the  amount  of  proteid  food  given, 
the  more  waste  products   do    the   tissues  discharge  from  their 
protoplasm,  in  order  to  make  room  for  the   new  proteid  which  « 
built  into  its  substance. 

Muscular  exercise  has  little  immediate  effect  on  the  amount  of 
urea  discharged.  In  very  intense  muscular  work  there  is  a  slizht 
immediate  increase  of  urea,  but  this  is  quite  insignificant  whea 
compared  to  the  increase  of  work.  This  is  strikingly  different 
from  what  occurs  in  the  case  of  carbonic  acid  :  the  more  the 
muscles  work,  the  more  carbonic  acid  do  they  send  into  the 
venous  blood,  which  is  rapidly  discharged  by  the  expired  air. 
Recent  careful  research  has,  however,  shown  that  an  increase  of 
nitrogenous  waste  does  occur  on  muscular  exertion,  but  appear* 
as  urea  in  the  urine  to  only  a  slight  extent  on  the  day  of  the 
work  :  the  major  part  is  excreted  during  the  next  day. 

Where  is  Urea  formed  P — The  older  authors  considered  that 
it  was  formed  in  the  kidneys,  just  as  they  also  erroneously 
thought  that  carbonic  acid  was  formed  in  the  lungs.  Prevobt 
and  Dumas  were  the  first  to  show  that  after  complete  extirpation 
of  the  kidneys  the  formation  of  urea  goes  on,  and  that  it  accu- 
mulates in  the  blood  and  tissues.  Similarly,  in  those  cases  of 
disease  in  which  the  kidneys  cease  work,  urea  is  still  formed  and 
accumulates.  This  condition  is  called  ura-mia  (or  urea  in  the 
Mood),  and  unless  the  urea  be  discharged  from  the  bodv  the 
patient  dies.  There  is  no  doubt,  however,  that  it  is  not" urea 
but  some  antecedent  of  urea  that  acts  most  poisonouslv,  aud  is 
the  cause  of  death. 

Where,  then,  is  the  seat  of  urea  formation?  Nitrogenous 
waste  occurs   in  all    the   l\\\\\£  x.va»w»,  vocvd   U»  ^Ivvclual  filial 
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result  of  tills  proteicl  metabolism  is  urea.  It  may  nut  be  that 
the  formation  of  urea  U  perfected  iii  each  tissue,  for  if  we  look  to 
the  most  abundant  tissue,  the  muscular  tissue,  urea  is  absent,  or 
nearly  *<>.  Yet  tin  re  can  \>v  DO  doubt  tli.ut  the  chief  place  fnmi 
which  urea  ultimately  DODQO0  is  the  muscular  tissue.  Some  inter- 
mediate step  occurs  in  the  iiiiiscIcs  j  the  fins]  steps  occur  elsewhere. 

In  muscles  we  find  a  substance  called  OTtOtim  in  fairly  large 
quantities.  If  creatine  is  injected  into  the  blood  it  is  discharged 
as  creatinine.  But  there  is  very  little  creatinine  in  normal 
urine ;  what  little  there  is  can  be  nearly  all  accounted  for  by  the 
creatine  in  the  food  ;  the  muscular  creatine  is  discharged  as  am  ; 
moreover,  urea  can  be  artificially  obtained  from  creatine  in  the 
laboratory. 

Similarly,  other  cellular  organs.  Spleen,  lymphatic  glands, 
secreting  glands,  participate  in  the  formation  of  urea;  but  the 
most  important  appears  to  be  the  liver :  this  is  the  orpin  where 
the  final  changes  take  place.  The  urea  is  then  carried  by  the 
blood  to  the  kidney,  and  is  there  excreted. 

The  facts  of  experiment  and  of  pathology  point  very  strongly 
in  support  of  the  theory  that  urea  is  formed  in  the  liver.  The 
principal  are  the  following  : — 

1.  After  removal  of  the  liver  in  such  animals  as  frogs,  urea 
formation  almost  ceases,  and  ammonia  is  found  in  the  urine  instead. 

2.  In  mammals,  the  extirpation  of  the  liver  is  such  a  severe 
operation  that  the  animals  do  not  live.  But  the  liver  of 
mammals  can  he  very  largely  thrown  out  of  gear  by  connecting 
the  portal  vein  directly  to  the  inferior  veua  cava  (EckTs  fistula). 
This  experiment  has  been  done  successful ly  in  dogs  ;  the  amount 
of  urea  in  the  urine  is  lessened,  and  its  place  is  taken  by 
ammonia. 

3.  When  degenerative  changes  occur  in  the  liver,  as  in 
tforhtmi  of  that  organ,  the  urea  formed  is  much  lessened,  and 
its  place  is  taken  by  ammonia.  In  ueute  yellow  atrophy  urea  is 
almost  absent  hi  the  urine,  and,  again,  there  is  considerable 
increase  in  the  ammonia.      In   this  disease  leucine  and  tyrosine 

also  found  in  the  urine  ;  undue  stress  should  not  be  laid  upon 
this  latter  fact,  for  the  leucine  ami  tyrosine  doubtless  originate 
in  the  intestine,  and,  escaping  further  decomposition  in  the 
degenerated  liver,  pass  as  such  into  the  urine. 

We  have  to  consider  next   the    intermediate  stages  between 
prnt*  id  and   urea.      A  few  years  ftgo  DrecliscI  succeeded  in  arti- 
ficially producing  urea  from  casein.     More  recent  work  has  shown 
that  this  is  true  for  other  proteids  also.      If  a  proteid  is  decom 
posed  by  hydrochloric  add,  a  tittle  stannous  chloride  bein^  w\&&\ 
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•_-■  ;p;v.;l:  oxidation,  a  number  of  product*  are  obtained.  Mich  <i> 
■«!i.iijoiii  im  salts,  leucine,  tyrosine,  aspartic,  and  jrlutaiuinic  nod*. 
Th;»  wa>  kuo«u  befure.  so  the  chief  interest  centres  nmml  tio 
:^w   •utfetanctr*.  preeipitable  by   phosphotunpitic  acid.     One  U 
•hoe     i-     called    li/tinr    (l.'6HuNV ^     probably    di-amido-caprotr 
aii  ii  :  the  other  was  first  called   h/*itinin*.      Hedin  then  showca 
that  ivnatiniiU'  i*  a  mixture  of   lysine  with   another  l«a.^  call*! 
at'tnttnr  « CV,Hi,X|<  >a)  :  it  is  from  the  alanine  that  the  urwu-»mts 
in   thf  i.xjierinieiit  to  l>e  next   described.       Arjruins;  fiwm  somt 
n-«i-iiibl:tiii.'e<»    lietween  this    su  Instance  and    creatinine,  br«*WI 
»\p»ct«d   t«i  lie  able  to  obtain  urea  from  it,  and  his  cxjn*cttfHi 
wa>  !.*•  m tinned   by  experiment.      He    took    a   silver    compound  *i 
th»-  bus*-.  imiled  it  with  liariuiii  carlionate,  and  sifter  twenty-fa* 
luinutos'  lnrilintr  obtained  urea. 

It  is,  however,  extremely  doubtful  whether  the  chemical  decmi- 
jH>-ith»n^  produced  in  laboratory  experiments  on  proteids  are 
comparable  to  those  oeeurriiur  in  the  body.  Many  physiolup* 
cohMilcr  that  the  amido-acids  are  intermediate  stages  in  the  ineu- 
ImiHi;  processes  that  lead  to  the  formation  of  urea  from  protevli 
We  have  already  alluded  to  this  question  in  relation  to  the  creatine 
of  muscle,  and  we  are  confronted  with  the  difficulty  that  injectiut 
of  creatine  into  the  Mood  leads  to  an  increase  not  of  urea,  loit  of 
creatinine  in  the  urine.  If  creatine  is  an  intermediate  step,  it  niitf 
undergo  some  further  change  before  it  leaves  the  muscle.  Other 
amido-ucids,  such  as  «rlycocine  (ainido-acetic  acid),  leucine  (aniido- 
eaproic  acid)  and  arjrininc  are  probably  to  l>e  included  iu  the 
same  category;  there  is,  however,  no  evidence  that  tyrosine  oft 
in  this  way.  The  facts  upon  which  such  a  theory  depends  aft 
(i)  that  the  introduction  of  jzlycocine  or  leucine  into  the  l*>wd. 
or  into  the  circulation,  leads  to  an  increase  of  urea  in  the  urine; 
and  (2)  that  amido-acids  appear  in  the  urine  of  patients  suffering 
from  acute  yellow  atrophy  of  the  liver.  Then,  again,  it  i»  per- 
fectly true  that,  in  the  laboratory,  urea  can  be  obtained  from 
creatine,  and  also  from  uric  acid,  but  such  experiments  do  not 
prove  that  creatine  or  uric  acid  are  normally  intermediate  pro- 
ducts nt"  urea  formation  in  the  body.  Still,  if  we  admit  fur  the 
sake  of  argument  that  amido-acids  are  normally  intermediate 
Malic*  in  proteid  metabolism,  and  glance  at  their  formula* — 

<  J 1  y  coc  i  no,  <  \j  H  r,X  < >^, 
Leucine,      (YiHi:i^('* 
livatine,     t^rliiX-jO^, 

we  see  that  the  earl -on  atoms  are  more  numerous  than  the 
nitrogen  atoms.      In  utv.i.  i'OX._,H,.  the  reverse  is  the  case.     TV 


FORMATION    OF    UREA. 

therefore    be  split    into  simpler    compounds, 

ieh    unite    with    one   mint  her  to   form  urea.       Urea  formation 

is    thus,    in    part f    synthetic      There   hiive   been    TfffiOU*    bheoi 

meed  us  to  what    these  simpler   OOmponndi  are,      Sume  li 

red    that   rv  mate,  others  that    rail  innate,  and  others  still 

that  carbonate  of  ammonium  is  formed.     Sohroctar'e  work,  which 

ha*  been  confirmed  by  subsequent  in  ventilators,  proves  that  m > 

nium  carbonate  is  one  of  the  urea  precursors,  if  not  the  prim lipsj 
one.     The  equation  which  represents  the  reaction  is  as  follows: — 

(SE^fiO^  -  sHgO  =  CX)NtH| 

AnuDonfum         [Water|  1 1 

mrboimt'  | 

roller's  principal  experiment  was  t  liin  ;  a  mixture  of  Ii1<mhI  ami 
ammonium  carbonate  was  injected  into  the  liver  by  the  portal 
vi.in  ;  the  blood  leaving  the  liver  by  the  hepatic  rain  was  found 
to  contain  urea  in  great  abundance,  This  does  not  occur  when 
the  same  experiment  is  performed  with  any  other  organ  of  the  body, 
ao  that  Schroder's  experiments  also  prove  the  great  importance 
of  the  liver  in  urea  formation. 

There  is,  however,  no  necessity  to  suppose  that  the  formation 

rof  amido-acids  is  a  necessary  preliminary  to  urea  formation.  The 
conversion  of  the  leucine  and  arginine  formed  in  the  intc-tine 
Hr  "iiimii  salts  and  then  into  urea  does  certainly  occur,  hut 
this  only  accounts  for  quite  an  insignificant  fraction  of  the 
in  the  urine.  If  this  all sours  in  tissue  metabolism,  ve  ought 
to  find  considerable  quantities  of  leucine,  glyeocme,  creatine, 
arginiue,  and  such  substances  in  the  blood,  leaving  the  various 
and  entering  the  liver  j  but  we  do  not.  We  do,  however, 
constantly  find  ammonia  which,  after  passing  into  the  blood  or 
lymph,  has  united  with  carbonic  acid  to  form  either  carbonate 
or  carbamate  of  ammonium.  It  is  quits  probable  that  the  nitro- 
genous waste  that  leaves  the  muscles  and  other  tissues  is  split  off 
from  them  as  ammonia,  and  net  in  the  shape  of  large  molecules 
of  amidoactd,  which  are  subsequently  converted  into  ammonia. 
The  experiments  outside  the  body  which  most  closely  imitate 
those  oeeurriiiL'  within  the  boAj  alti  those  of  Ih^hseL  in  which 
he  passed  strong  alternating  ciUTClita  through  BofattQtia  ol 
proteid  liki  materials.  Such  alternating  i urrents  are  eertainly 
absent  in  the  body,  but  their  effect,  which  is  a  rapidly  changing 
aeries  of  small  oxidations  and  reductions,  are  analogous  to  meta- 
bolic processes;  under  such  circumstances  the  carbon  atoms  are 
burnt  off  as  carbon  dioxide,  and  the  nitrogen  is  split  off  in  the 
form  of  ammonia ;  by  the  union  of  these  two  substances  ammonium 
carbonate  ia  formed, 


Tire   rr.: 


exhibit    the   relationship 
tmmooiiitii  carbamate  and  una, 


carbamate  :  the  lo*s  of  a  second  mul 


Uric  Acid. 
Uric  Add  r  j  is  in   mammals,  the  medium  by  whkfi 

a  very  small  quantity  of  nitrogen  is  excrete.!  from  the  body.    It 
is  however,  in  birds  and  reptiles  the  principal    nitrogenous  «► 

nent  of  their  urine.     It  i*  xa 
present    in    the   free  state,  I 
combined     with     bases    tc   fas 
urates* 

It  may  be  obtained  from  aunu 
urine   by   additi.  of  hydro* 

chloric  acid  to  100  cc  of  1st 
urine,  and  allowing  the  mixture  to 
stand  for  twelve  to  twenty-faff 
boon.      The  Is  which  lion 

ply  tinged  with  uiiiuuT 
pigment*  unl  though  by  repeatsi 
solution  in    i 

and  precipitation    by  hydrachfarir 
acid,  they  may   be   obtained 
free  from  pigment,  pure  uric  acid  is  more  readily  obtained  mm 
i  in    solid   urine  oj  nt  or  bird,    which   consists  principal): 

«>f  the  acid  ammonium  urate.  This  is  dissolved  in  soda,  wcl 
then  the  addition  of  hydrochloric  acid  produces  as  before  Is* 
•  i  J  i  a ;  1 1 1 0 1 1  I  i f  uric  a G id  from  th  e  BOl  u t i on . 
The  pure  acid  crystallises  in  colourless  rectangular  plate*  a 
prisms,  hi  striking  contrast  to  urea  it  is  a  most  insolubl 
stance,  requiring  for  its  solution  1,900  parts  of  hot  and  15*000 
parts  of  cold  water.  The  forma  which  uric  acid  assumes  nhen 
precipitated  from  human  urine,  either  by  the  addition  of  hydro* 
chloric  acid  or  in  certain  pathological  processes,  an  nous, 

the   most   frequent   being  the  whetstone   shape;     there 
h,mi!  ryetals  resembling  sheaves,   barrels,    and  dumli-UUi 

tm*e  h>.  420). 

Tl..<  mvrvptde  test  is  the  principal  test  for  uric  acid.      The  tot 
has  received  the  name  on  account  of  the  resemble 
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Vari'tu*-  form*  oi  uric  arid 
ctyniulm. 
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the  purple  of  the  ancients,  which  was  obtained  from  certain 

1  Htb  of  the  ireims  JAm*.      It  is  performed  jus  follows  :  place  a  little 

ifl  ai  id  or  it  urate  in  a  capsule;  add  a  little  dilute  nitric  acid 

kd  evaporate  to  dryness.     A  yellow  i  shied   residue  is  left.     Add 

little  ammonia  carefully,  and  the  residue  turns  violet ;   this   [g 

lue  to  the  formation  of  purpurate  of  ammonia.     On  the  addition 

potash  the  colour  becomes  bluer. 

Another  reaction  that  uric  acid  undergoes  (though  it  is  not 

Applicable  as  a  test)  is,  that  on  treatment  with  certain  oxidising 

ajents  urea  and  oxalic  acid  can  be  obtained  from  it.      Alloxan 

>|H9NSU4)  or  allantoin  (C4H6X|Ua)   arc   intermediate   pt  ■  «•  J  < m  1  . 

is,  however,  doubtful  whether  a  similar  oxidation  occurs  in  the 

:>nnal  metabolic  processes  of  the  body. 

Uric  acid  is  dibasic,  and  thus  there  are  two  clae&es  0!  urates — 
le  normal  unites  and  the  acid  urates.  A  normal  urate  is  one  in 
kliieh  two  atoms  of  the  hydrogen  are  replaced  by  two  of  a  monad 
h1«I  like  sodium  ;  an  acid  urate  is  one  in  which  only  one  atom 
"  hydrogen  is  thus  replaced.     The  formuhe  would  be — 

Cj H  j N  |4  >3 = uric  acid. 
I    ffjNaN403=aeid  sodium  unite. 
C6HaNa:iN|<Jj= normal  sodium  urate. 

tie  acid  sodium   urate   is  the  chief  constituent  of  the  pinkish 
epos  it  of   urates,  which  often  occurs  in   urine,  and  is  called  the 

tt>  rt Notts  deposit. 

The  quantity  of  uric  acid  excreted  by  an  adult  varies  from  7  to 
to  grains  (0-5  to  0-75  gramme)  daily. 

The  best  method  for  determining  the  quantity  of  uric  acid  in 

be  urine  is  that  of  Hopkins.     Ammonium  chloride  in  crystals  is 

ided  to  the  urine  until  no  more  will  dissolve.     This  saturation 

ompletely  precipitates  all  the    uric  acid  in    the  form  of  ammo 

ium    urate.      After   standing   for   two   hours    the    precipitate  is 

Elected  on  a  filter,  washed  with  saturated  solution  of  ammonium 

iloride,  and  then  dissolved  in  weak  alkali.      From  this  solution 

ic  uric  acid    is   precipitated  by  neutralising  with  hydrochloric 

rid.     The  precipitate  of  uric  acid  is  collected  on  a  weighed  filter, 

and  weighed. 

Origin  of  Uric  Acid. — Trie  acid  is  not  made  by  the  kidneys. 

hen  the  kidneys  are  removed  uric  acid  continues  to  be  formed 

and  accumulates  in  the  organs,  especially  in  the  liver  and  spleen. 

The  liver  has  been  removed  from  birds,  and  uric  acid   is   then 

ardly  formed  at  all,  its  place  being  taken  by  ammonia  and  lactic 

cid.      It  is  therefore  probable  that  ammonia  and  lactic  acid  are 

normally  synthesized  in  the  liver  to  form  uric  acid 
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The  two  conditions  which  lead  to  an  increase  of  uric  acid  m  the 
urine  are — 

i.  Increase  of  meat  diet  and  diminution  of  oxidation  protease*, 
such  as  occur  in  people  with  sedentary  habits. 

2.  Increase  of  white  corpuscles  in  the  blood,  especially  in  the 
disease  known  as  Uucoctftfurmia.  This  latter  fact  is  of  greit 
interest,  as  leucocytes  contain  large  quantities  of  nuclein.  Nudea 
yields  nitrogenous  (alloxuric)  bases  (adenine,  hypoxanthinc  kt.\ 
which  are  closely  related  to  uric  acid. 

The  four  alloxaric  or  xanthine  bases,  as  they  arc  sometimes  termed  rear 
be  arran<axl  in  two  pairs  : — 

Adtnine  lias  the  formula  C»HaXj;  on  heating  it  with  sulphuric  acid.  SH 
is  replaced  by  O.  and  hyjwxtmthine  is  formed  :— - 

CV.H4N4.NH    +    H,0    *    CH^O    +    NH, 
[Adenine]  [Water  J     [Hypoxanthifac]     [Ammonia]. 

both  sutistances  contain  a  radicle,  C5H4X4,  called  adeityl :  adeuine  k  ia 
imide.  hypoxanthine  its  oxide*  The  following  equation  show?  a  einik 
relationship  between  the  other  pair  of  bases.  g#ani/w  and  jranthine:^- 

CV.H4N4O.NH   +   H,0  =  Cat^XiCK,   +    NH, 
I  Guanine]  [Water]       [Xanthine]         [Ammonia]. 

(Mi  comparing  the  formula.'  of  hy]M>xanthine,  and  xanthine  with  uricirii 
('iiIliNV  V  we  st^'  their  close  relationship.  Leaving:  aside  other  |**«iblt nq 
in  which  uric  acid  is  undoubtedly  formed  in  the  organism,  we  have  btrti 
way  in  which  uric  acid  may  arise  by  oxidation  from  the  nuclein  batons! 
thus  ultimately  from  the  nuclei  of  cells.  Certain  forms  of  diet  inenw 
uric  acid  formation  by  leading  to  an  increase  of  leucocytes  and  ctmsequatlr 
increase  in  the  metabolism  of  their  nuclei ;  some  investigators  think,  bet- 
ever,  that  the  increase  is  chiefly  due  to  nuclein  in  the  food.  The  question  a 
not  yet  settle* I. 

Hippuric  Acid* 

Hippuric  Acid  (CyH9N03),  combined  with  bases  to  form 
hippuratcs,  is  present  in  small  quantities  in  human  urine,  but  in 
large  quantities  in  the  urine  of  herbivora*  This  is  due  to  the 
food  of  herbivora  containing  substances  belonging  to  the  aromatic 
group— the  benzoic  acid  series.  If  benzoic  acid  is  given  to  a 
man,  it  unites  with  glycoeine  with  the  elimination  of  a  molecule 
of  water,  and  is  excreted  as  hippuric  acid — 

CII,.XH2     CR,XH.CO.C6H5 
<Y,H,.n>on+  I  =|  +h2o 

COOH  COOH 

'  Iton/iiir  arid  1  (ilycK-iiioi  j  Hippuric*  aeidj  J  Water]. 

This  is  a  well-marked  instance  of  synthesis  carried  out  in  the 
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limal  body,  and  experimental  investigation  shows  that  it  is 
soomplished  by  the  living  calls  *»f  the  kidney  itself;  lot  if  ■ 
iixtiin  of  glycocine,  beazok  arid, 
id  blood  is  injected  through  61m 
(or  mixed  with  a  minced 
iinv  just  removed  from  thi 
lv  of  an  animal),  their  place 
is  found  to  Imve  been  taken  by 
lippuric  acid. 


Creatinine* 

The  Creatinine  in  the  urine 

uearlj    all  derived    from    the 

Batine  contained   in  the  meat 

the  food.    There  i*«  however  a 

nail  amount   in  the   urine   ivni 

Miring  starvation !  this   possibly  represents  a  small  percentage 

creatine  from  the  muscles. 

The  formation  of  creatinine  from  creatine  is  represented  in  the 
allowing  equation  :  — 

ne  and   creatinine  are  of  oonfliderable  chemical   Brian  I 
ise  urea  can  be  obtained  From  them  afl  one  <>i  their  decora- 
ition  products  in  the  laboratory  ;  the  equation  whirl)  ropnnehtw 
the  formation  of  urea  from  creatine  is  as  follows: — 

^H,Ny  >a+  Ef/J  =  i  .'ON\H4  +  OH,N0 

eoond  substance  formed  is  Baroosine<     Seirooainc  ia  methyl* 
Ivoocine — that  is,  amido-aoetio  add  in  which  one  II  is  replaced 

methvl  (CHg) 

NHJ'H, 

h  is,  however,  doubtful  whether  deeompoeitioBa  of  this  kind 
occur  in  the  body. 

Creatinine  with  sine  chloride  giveea  characteristic  cryvtalline 
precipitate  (groups  of  fine  needHee)  with  composition 

C^NgO-ZnCI^ 

irding  to  the  recent  researohee  of  G«  &  Johneonj  urinary 

stinioe,  though  isomeric   with  the   creatinine  obtained   art* 

cially  from  the  creatine  of  flesh,  differs  from   it    In   some  of 
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its  properties,  Miih  as  redtii  ratter 

<<i"   ita  ^old  salts.      The  reducing    action  of    m 

some  confusion,  for  some  phy siologists  have  supposed  tlut 
the  reducing  action  ou  Fehlingrs  solution  aoroul 

urine  is  due  to  gagarj  wherei 

The    read i  rating    creatinine   from    nnue  »  u> 

following  : — To  the  mine  <  twentieth  of  its  volume  of  :i  aattirtuij 
notation  of  sodium  acetate  ,  and  then  one-fourth  of  iu 

volume  of  a  saturated  solution  erf  mercuric  chloride  i  tin*  pro* 
duces  an  Immediate  abundant  precipitate  of    iti  phatt^, 

ami    phosphates,  which    is    removed    by    filtration  ;    tl 

then  allowed  to  stand  for  twenty -four  hoar  r  be  prvcipitatioi 

of  an,  i  of  creatinine  (C4HtHgNtOHCl)|(Hgi 

n  in  the  form  of  minute  spheres,  ^ttfte  typical  <>n  micraHoak 
examination.     This  compound  lends  itself  wry  well  totp 
tive    analysis,      It    may   In?    collected,    dried,    and    weighed,  in4 
one- fifth  Of   the    Weight    found    is   creatinine.       Cn  rnaj  be 

Obtained    from    it    by   suspending    it    in    water, 
with  sulphuretted  hydrogen,  and  filtering.      The  filtrate  depoati 
creatinine  hydrochloride,  from  which  Pb(OH)s  liberates  or 
An  important  point  in  Johnson's  process  is  that  all  th 

are  curried   out  in   the  cold;  if   heat    i-.    applied    <>m 
creatinine  of  former  writers,  which  has  no  reducing  pC 

The    Inorganic    Constituents    of   Urine. 

The    inorganic  or  mineral    constituents    of    urine  are 
chlorides,  phosphates,  sulphates,  and  carbonates  ;  the  metals  *M 
which  these  are  in  combination  are  sodium,  potassium,  ame 
calcium,  and  magnesium,     The  total  amount  of  these  salts  vara 
from   19  to   25  grammes  daily.      The  most    abundant  is  sodiun 
chloride,  which  averages  in  amount  10  to  16  gram  in* 
These  substances  are  derived   from   two   sources — tirst  from  the 
food,   and   secondly  as   the    result   of  metabolic   processes.     The 
chlorides  and  most  of  the  phosphates  come  from   the  foo 
sulphates  and  some  of  the  phosphates,  as  a  result  of  inetaboKaa 
The  salts  of  the  blood  and  of  the  urine  are  much  the  sain 
the   important    exception   that,  whereas   the   blood   contains  onlv 
traces  of  sulphates,  the  urine  contains  abundance  of  these  salts. 
The  sulphates  are  derived    from   the   changes    that    occur  in  the 
proteids  of  the   body;    the   nitrogen  of  proteins    teAVSfl   n 
as  urea  and  uric  acid  ;  the  sulphur  of   the  proteids  is  arid) 
form   sulphuric  acid,   which   passes    into    the    urine    in    the  fa 
of  sulphates.     The  excretion  of  sulphates,  moreover,  runs 
to  that  of  urea. 
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Chlorides. — The  chief  chloride  is  that  of  sodium.  The  inges- 
tion of  sodium  chloride  is  followed  by  its  appearance  in  the  urine, 
some  on  the  same  day,  some  on  the  next  day.  Some  is  decom- 
posed to  form  the  hydrochloric  acid  of  the  gastric  juice.  The 
salt,  in  passing  through  the  body,  fulfils  the  useful  office  of 
stimulating  metabolism  and  secretion. 

Sulphates. — The  sulphates  in  the  urine  are  principally  those 
of  potassium  and  sodium.  They  are  derived  from  the  metabolism 
of  proteids  in  the  body.  Only  the  smallest  trace  enters  the  body 
with  the  food.  Sulphates  have  an  unpleasant  bitter  taste  (for 
instance,  Epsom  salts)  :  hence  we  do  not  take  food  that  contains 
them.     The  sulphates  vary  in  amount  from  i  '5  to  3  grammes  daily. 

In  addition  to  these  sulphates  there  is  a  small  quantity,  about 
oue-tenth  of  the  total  sulphates,  that  are  combined  with  organic 
radicles  :  these  are  known  as  ethereal  sulphates,  and  they  originate 
from  putrefactive  processes  occurring  in  the  intestine.  The  chief 
of  these  ethereal  sulphates  are  phenyl  sulphate  of  potassium  and 
indoxyl  sulphate  of  potassium.  The  latter  originates  from  the 
indole  formed  in  the  intestine,  and  as  it  yields  indigo  when  treated 
with  certain  reagents  it  is  sometimes  called  iiidivan.  It  is  very 
important  to  remember  that  the  indican  of  urine  is  not  the  same 
thing  as  the  indican  of  plants,  which  is  a  glucoside.  Both  yield 
indigo,  but  there  the  resemblance  ceases. 

The  formation  of  these  sulphates  is  somewhat  important ;  the 
aromatic  substances  liberated  by  putrefactive  processes  in  the 
intestine  are  poisonous,  but  their  conversion  into  ethereal 
sulphates  renders  them  harmless. 

The  equation  representing  the  formation  of  potassium  phenyl-sulphute  is. 
a*  follows  : — 

(\5H3OH  +  SO,<qk  =  s0*<OK  '"'"'  +  "a° 
[Phenol]       [Potassium  [Potassium  |  Water] . 

hydrogen       phenyl-sulphate] 
sulphate) 

Indole  (Cy-f7N)  on  absorption  is  converted  into  indoxyl — 

The  equation  representing  the  formation  of  potassium  indoxyl-sulphate  is 
as  follows  : — 

ohh7no  +  so«<ok  =  so*<o'KHHflN  +  H*° 

[Indoxyl)        [Potassium  [Potassium  [  Water), 

hydrogen       indoxyl-sulphate] 
sulphate] 

Carbonates. —  Carbonates  and  bicarbonates  of  sodium,  calcium, 
magnesium,  and  ammonium  are  only  present  in  alkaline  urine. 
They  arise  from  the  carbonates  of  the  food,  or  irom  xc^XaX^vi 
k.p.  « n 
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acids   (malic,    tartaric,   Ac.)   in    tlto    f < " m K      Tin 

found  in  the  urine  of  herbivora  and  vegetarians,  whose  arim 

thus  rendered  alkaline.     (Jrine  oontnining  ourboMM  oca, 

like    saliva,   cloudy  on    standing,    the 

calcium  carbonate,  and  also  phoi 

Phosphates. — -Two   classes  uf   phosphates  occur    in  no 
mine  : — 

(i)  Alkaline    phosphates  —  that     is,     i 
(ahundnnn  ami  nfrtninimn  (scanty). 

Earthy  phosphates— -that  is,  phosphates  of  calcium 
ilnut )  and  magnesium  (scant 


TiuiitM     wdia>CDt     of    ' 
■ 
mid  liniti-  of  ujTiTU*  >>ui  uui,  fnitii  unrip 
wlii.'}i  had   axMlsxpoofl  <»ikuli- 
moutaOuu. 


The  composition  of  the  phosphates  in  untie  is  Itahtatfl  \*r 
In  acid  urine  the  acidity  i  the  acid  salts      Thret  a 

eh  icily — 

Sodium  dihydro£fcn  phosphate,  XuH*I'0(,aiidc 
phosphate,  <  'm  lid'* 

"In  neutral    urine,   in   addition,  di  sodium   li 
(Na*HP04),  calcium  hydrogen  ph  CaHP04,  and  mag 

hydrogen    phosphate,    M^HI*04,    are    found.      In  alk.ii 
there  may  he  instead  of,  or  in  addition  t 
phosphate*  of  sodium,  calcium,  and  matmesiuw  P0< 

The  earthy  phosphati 
alkaline  by  ammonia,     hi  decomposing  urine  Ammonia 
from  the  una  :  this  also  precipitates  the 
phosphates  most  frequently  found  in  the  whit 
h  jur  li  occurs  m  deoompo»An\|  « — 
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(i)     Triple     phosphate     Of     anmionio-ruatpiesmiii     phosphate 
NH.M.I'ii^hiLu).     This  crystallites  in  "coffin-lid"  crystals 
422)  or  feathery  stars. 

Stellar  phosphate,  or  calcium  phosphate,  whkh  crystallises 

Mr  like  clusters  of  prisms. 

1  rule  normal  urine  gives  no  precipitate  when  it  is  boiled  ; 
but  sometimes  neutral,  alkaline,  and  occasionally  faintly  acid 
urines  give  a  precipitate  of  calcium  phosphate  when  boiled;  thin 
precipitate  is  amorphous  :ml  is  liable  to  be  mistaken  for  allamiin. 
It  may  be  distinguished  readily  from  albumin,  as  it  is  soluble 
1  few  drops  of  aeetie  acid,  whereas  coagulated  proleid  lose  not 
dissolve. 

phosphoric  acid  in  the   urine   chiefly  originates    from   the 

>f  the  food,  but  i*  partly  a  decomposition  prod  act   of 

phosphorised  organic  materials  in  the  body,  such  as  h-cithin 

!  Diidein,     The  amount  of  P^Og  in  the  twenty-four  hours'  nriiio 

-  5  tn  3*5  granMnes,  of  which  the  earthy  phosphi 
f;i i tt  ahout  half  { 1  to  1*5  gr.). 


Tests  for  the  Inorganic  Salts  of  Urine. 


tvr4flf*.—t\v\t\nh\tr  wirh   nirric  acid   and  add  silver  ait  rate  ;  0   white 
r  4'Miiriilc,  nnluhlu  in  ammonia,  its  produced.     The  objed 
with  nitric  w  id   is  to  \j  1  vent  phosphates  being  pn 

, — Acidulate  with  hydrochloric  acid,  and  add  barium  chloride. 

■  •i   barium  sulphate  \t  produ d.     Hydrochloric  sddh 

!Ut  precipitation  of  phospl 
i>imt*\i.—  '\.  Add  ammonin  ;  a  white  crystalline  precipitate  of  earthy 
(that  is,  rnl<iiiin  and   magnesium)  phosphates  i*  produced,     This  beoo 
Biore  apparent  on  standing,     The  alkaline  (thai  is,  sodium  and  potassium) 
iti  tmhitioii.    ii.  Mix  another  portion  «»f  arioe  wfth  ball 
nitric  acid  :  add  ammonium  niolybclate,  and  boil     A  yellow 
n   [  •  -  ■  ■  1 1  ■  n  .1  r .   falls.    This  tesl  is*  given  by  both  classes  of  phosphates. 
Quaittittitir?  art  i  mat  inn  ol  the  Baits  is  accomplished  by  th  <lutions 

•andnnl  strength,  which  an- run   info  the  urine  tilt  the   formation  of  a 
rtiL'^tmji  turds  arc  inade  of  silver  nitrate,  bariuai  chloride, 
uranium  nitrate  or  acetate   for  chlorides,  sulphates   and  phosp] 

Urinary  Deposits. 

The  different  substances  that  may  occur  in  urinary  deposits  are 
formed  elements  and  chemical  substances. 

The  formed  or  anatomical  elements  may  oonsisl  ol  blood 
corpuscles,  pus,  mucus,  epithelium  eel  Is,  BperrnatosoarOasts  ol  ihe 
urinary  tubules,  fungi,  and  entosoa.  All  of  these,  with  the 
exception  of  n  small  quautity  of  mucus,  whioh  forms  a  flocoulent 
cloud  in  the  urine,  are  pathological,  aod  the  rnicroscope  is  chiefly 
employed  in  their  detection, 

s  *  kl 
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Tiie  chemical  substances  ure  ur:  ay*. 

calcium   carboi  ■  nates,  xrv  lendta, 

i  ic,   xanthine. 
ler  tin-  eommonei 
microscope  and  ehemi  •   employed. 

Deposit   of  Uric    Acid. — This  is  a  ma  ifpa; 

mtmMin.i:  cayenne  pepper.      It  maji 

Use  form  (tig,   4^0,  p.   540)  and    the    murexide  reaction.    TV 
presence  of  tli  dlv  indicates  an  increased  funs* 

tJon  of  uric  ftcid,  and,  H  to  the  fw 

I  j  iu  the  bladder. 


Deposit  of  UrateB. — Thia  is  euucIi  commoner, 
urine  ;  in  norma]  urine  wh< 

generally  found  in  ;    urine   1 

appears  to  be  a  kind  of  fermentation,  called  the  acid  fei 
which  occurs  in  the  urine  after  it    I 

to  the  same  result.     The  chief  constituent 
the  acid  Bodiiun  unite,  the  formation  of  wh-  Tn*isJ 

of  the  urine  may  be  re] 


2r.H.>\:u.\|n.j 

+    FU>    +    OU 

■ft]  wwlium 

jWiii 

>. 

urate] 

acid] 

ur..-                              ,-,*'.  J". 

This  deposit  may  In-  i  — 

pinkish  colour ;  the  pigment  called  mn 
the  pigments  of  the  urine,  bul  its  relal 
urinary  pignw  nti  is  no(  known. 

(2)  It  dissolves  upon  warming  the  urine. 

Microscopically  it    is  usually  amorphous,   iutt 
similar  to  those  r]c 


ch.  xxxvii.]  URINARY    DEPOSITS.  549 

Crystals  of  calcium  oxalate  may  be  mixed  with  this  deposit 
(see  fig.  424). 

Deposit  of  Calcium  Oxalate.  —  This  occurs  in  envelope 
crystals  (octahedra)  or  dumb-bells. 

It  is  insoluble  in  ammonia,  and  in  acetic  acid.  It  is  soluble 
with  difficulty  in  hydrochloric  acid. 

Deposit  of  Cystin. — Cystin  (CoH^N^C^)  is  recognised  by  its 
colourless  six-sided  crystals  (fig.  425).  These  are  rare:  they 
occur  only  in  acid  urine,  and  they  may  form  concretions  or 
calculi.     Cystinuria  (cystin  in  the  urine)  is  hereditary. 

Deposit  of  Phosphates. — These  occur  in  alkaline  urine.  The 
urine  may  be  alkaline  when  passed,  due  to  fermentative  changes 
occurring  in  the  bladder.  All  urine,  however,  if  exposed  to  the 
air  (unless  the  air  is  perfectly  pure,  as  on  the  top  of  a  snow 
mountain),  will  in  time  become  alkaline,  owing  to  the  growth  of  the 
miarKoccus  uwe.     This  forms  ammonium  carlxmate  from  the-urea. 

CON2H4  +  2H20  =  (NH4)2C08 

[Urea]  [Water]  [Ammonium 

carbonate]. 

The  ammonia  renders  the  uriuc  alkaline  and  precipitates  the 
earthy  phosphates.  The  chief  forms  of  phosphates  that  occur  in 
urinary  deposits  are — 

(1)  Calcium  phosphate,  Ca3(P04)2;  amorphous. 

(2)  Triple  or  ammonio-magnesium  phosphate,  MgNH4P04 ; 
coffin-lids  and  feathery  stars  (fig.  422). 

(3)  Crystalline  phosphate  of  calcium,  CaHP()4,  in  rosettes  of 
prisms,  in  spherules,  or  in  dumb-bells. 

(4)  Magnesium  phosphate,  Mg8(P04)2  +  2  2H20,  occurs  occa- 
sionally, and  crystallises  in  long  plates. 

All  these  phosphates  are  dissolved  by  acids,  such  as  acetic  acid, 
without  effervescence. 

They  do  not  dissolve  on  heating  the  urine ;  in  fact,  the  amount 
of  precipitate  may  be  increased  by  heating.  Very  often  neutral 
or  alkaline  urine  will  become  cloudy  when  boiled ;  this  may  be 
due  to  albumin  or  to  phosphates.  It  is  very  important  to  dis- 
tinguish between  these  two,  as  albuminuria  is  a  serious  condition. 
They  may  be  distinguished  by  the  use  of  acetic  acid,  which 
dissolves  phosphates  but  not  albumin. 

A  solution  of  ammonium  carbonate  (i-in-5)  eats  magnesium 
phosphate  away  at  the  edges  ;  it  has  no  effect  on  the  triple 
phosphate.  A  phosphate  of  calcium  (CaHP04+2H20)  may 
occasionally  be  deposited  in  acid  urine.  Pus  in  urine  is  apt  to 
be  mistaken  for  phosphates,  but  can  be  distinguished  by  the 
microscope. 
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Deposit  of  calcium  carbonate,  CaCO*  appears  but  rarely  * 
whitish  balls  or  biscuit-ahaped  bodies.  It  is  commoner  in  the 
urine  of  herbivora.  It  dissolves  in  acetic  or  hydrochloric  *ii 
with  effervescence. 

The  following  is  a  summary  of  the  chemical  sediments  tk 
may  occur  in  urine  : — 

CIIKMICAL   SEDIMENTS    IN    I'lllNE. 


In  Acid  Urine. 

I'rif  Arid. — Whetstone,  dumb- 
bell, or  >heaf-like  aggregations  of 
crystal*  deeply  tinged  by  pigment. 

f'rutrjt.  —  (ienerally  amorphous. 
The  acid  unite  of  sodium  and  of 
ammonium  may  sometimes  occur  in 
Marshal  km  I  clusters  of  needles  or 
spheroidal  clumps  with  projecting 
spines.  Tinged  brick-red.  Soluble 
on  warming. 

Calcium  O-rtilnte. — Octahedra,  so- 
called  envelo|K*  crystals.  Insoluble 
in  acet  w  acid. 

Cijxtin. — Hexagonal  plates.    Rare. 

hui'utt'  and  Tijnudne. — Rare. 

Cdhitini  Phot  phot  c. 

CaHI,O4  +  2Ha0.— Rare. 


In  Alkaline  Ubinl 

Phi**phat**. — Calcium  iib^-ait 
03.1(1*04)*.     Amorphous. 

Triple  phosphate. 
MfrXHjPOc  +  6H,0.      Coffin-lie  « 
feathery  stars. 

Calcium  hydrogen  ptofbtt. 
CnHP04.  Ifc^cttes.  &i*hemK  * 
dumb-tiells. 

Magnesium  phosphate. 
Mg»(  VO^  +  22H-O.    1a  .nsr  \te* 

All  soluble  in  acetic  aciflvrtrt 
effervescence. 

Calcium  (Turbinate.  ("aCO*- 
Bisou  it -shaped  crystals  Soluble* 
acetic  acid  with  effervescence. 

A 111 111  on  1  n  in  i.  "rate. 
C'iH2(NH4)2.N403.  —  •  Thorn^fSf- 
spherules. 

lA'Vcine  and  Tyron'me.— Verraa. 


Pathoixxjicai-   Urine. 

I'mler  this  head  we  shall  briefly  consider  only  those  almonul 
constituents  which  are  most  frequently  met  with. 

Proteids. — There  is  no  proteid  matter  in  normal  urine/ ad 
the  most  common  cause  of  the  appearance  of  albumin  in  tk 
urine  is  disease  of  the  kidney  (Bright's  disease).  The  tarn 
"albumin''  is  the  one  used  by  clinical  observers.  Property 
speaking;,  it  is  a  mixture  of  serum  albumin  and  serum  globulin. 
The  best  methods  of  testing  for  and  estimating  the  albumin  « 
the  following  :--- 

(<i)  Hoi  I  the  top  of  a  long  column  of  urine  in  a  tcst-tul>e.  If  theorinek 
a«-id.  the  alhumiu  is  coagulated.  If  the  quantity  of  albumin  is  MnilLtk 
cliiudint">N  produced  is  readily  seen,  as  the  unfiled  urine  below  it  iscfeu. 
Thi-  i-  insoluble  in  a  few  drops  of  acetic  acid,  and  so  may  l»e  di>tin£iri«W 
from  phosphates.  If  the  urine  is  alkaline.it  should  I »e  first  rendemJaod 
with  a  little  dilute  acetic  acid. 


*  ill  is  ahsolute  statement  is  true  for  all  practical  purposes.  3ii*net. 
howe\er.  ha.s  recently  stated  that  a  trace  of  proteid  matter  (serum  albaa 
/»//#.«  the  proteul  constituent  of  mucin)  docs  occur  in  normal  urine:  hu:  tte 
trace  is  negligeahle.  many  hundreds  of  lit  res  of  urine  having  to  ben*.!  to 
obtain  an  appreciable  tpiantity. 


\  II. J 
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(,&)  Heller**  Xitrie-aeid  Tfft. — Poaxtocieof  the  urine  gently  on  to  the 

•  -'uin\  A  ring  "f  white  pn  ctpitnte  &  i 
at  the  junction  « »f  ilit*  two  Liquids.  Tnia  teal  it  ttsed  for  hhsU  quantity 
aibun 

(>)  Ettimatum    qf   Albumin   h§    E*i*eh*t    Albuminomtt^r,  —  Sebaeh*i 
reajj  reeipitating the  albumin  is  made  by dissolving  lOgranmM 

rmmmefl  of  citric  W  rid  in  Sooor  900  C.C  of  l*jilin>r  \\ 
ami  Ifieienf  watei  to  make  up  to  a  Litre  (10094 

--ijYmziiijLi»iii4'ti  i  -  ibown  Cu  flg.  426* 

Pour  r  he  urine  into  the  tabe  no  to  the  mark  Q  ;  then  tin-  reagent  up  i-> 

mark  H.     Clone  the  tube  with  ;t  eorU,  and  in  ensure  complete  mixture, 

tih    it  r.k  uinl  fni  ;<  dozen   times  without  linking.     Allow  the  corked  fc&bfl  to 

twenty-four  hour*;  then  rend  off  on  the  scale  the  height  of 

■  oaguloua.    The  figures  indicate  grammes  of  dried  nlhumiu  in 

Hie  jiercenu  ainod  by  dividing- by  10.    Tbua,  if  tbeooagulom 

stand*  at  j,  the  aniounl  of  albumin  is  3  gramme*  pal   litre,  61  03  gr«  En 
100  c.c.    If  the  gcdiment  falls  Ueiweeo  any  two  figures,  the  distance  [.  .',,  of 
I  from  the  tipper  *«:    lower  figure  can  be  t *-si<  1  ofl  with  vafftotenl  SCCui 
Tin  -  ■  the  aedimeiil  being  midway  between  3  and  4  would  l»e 

a«  3*5.    When  the  albumin  is  so  abundant  that  the  ledimeal 
4.  a  more  accurate  result  in  obtained  by  first  diluting  the  urine  with  mm  at 
two  volumes  of  water,  and  then  multiplying  the  resulting  figure  by  2 
B*  the  case  may  l>e.     If  the  amount  of  albumin  1^  less  than  05  [mi  ren' 
osmnoi  be  accurately  estimated  by  thai  method. 


A  condition   called   " peptonuria, w  or  peptone   in   the  urine, 
observed     in    certain    pathological    stm 

>  lallv  in  diseases  where  there  is  a  fort  na- 
tion of  1  ms,  and  particularly  if  the  pus  is 
d  owing  bo  the  action  of  a  bac- 
terial growth  willed  staphylococcus  j  0000!  the 
products  of  disintegration  of  pus  cells  appears 
to  be  peptone  ;  and  this  leaves  the  body  by 
nine.  The  term  "  peptone/1  however, 
includes    the     "  protco*  Indeed,    in    most, 

if  not  all,  eases  of  so-called  peptonuria,  true 
peptone  is  absent.  In  the  disease  called  ll  osteo- 
malacia M  a  proteose  is  also  usually  found  in  the 
brine. 

Sugar. — Normal    urine    contain*    no 

or    sn    little    that    fur   clinical    purpose!    it    may 

l»e  considered  absent.     It  occurs  in  the  disease 
called  diabetes  mellttUBj  which  can  be  artificially 
produced  by  putjeture  of  the  medulla  oblongata, 
or  by  extirpation  oi  the  pancreas.     The  disease 
occurs  in  man  may  be  due   to   disordered 
tnctaoolisui  of  the  liver,  to  disease  of  the  pancreas,  and  to  other 
.illy  understood  causes  (see  p.  496). 
The  Sugar  present  is  dextrose.      Lactose  maj  occur  in  the  urine 
of  nursing  mothers.      Diabetic  urine  also  contains  hvdroxyhuryric 
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acid,  and  may  contain  or  yield  ou  distillation  acetone,  and  ethvl- 
diacetic  acid.  The  methods  usually  adopted  for  detecting  a*; 
estimating  the  sugar  are  as  follows  : — 

(// 1  Tin.-  urine  lias  generally  a  high  s}»ecific  gravity. 

(h)  The  presence  of  sugar  if*  shown  by  the  reduction  (yellow  iir*ri|iiu:: 
of  fii|irou«  oxide)  that  occurs  on  Uriling  with  Fehling's  dilation. "  FttJK* 
^.liith-n  i-  an  alkaline  solution  of  cop|»er  sulphate  to  which  IMieilv  <li 
ha>  Ik'cii  added.  The  Rochelle  salt  (double  tartrate  of  potash  an- 1  s.4i 
lml  N  the  enpric  hydrate  in  solution.  Fehliug's  solution  shook!  u.vits'k 
freshly  prepared.  a.*,  on  standing,  racemic  acid  is  formed  fr-.im  thetanvr 
acid,  and  thU  substance  itself  reduces  the  cuprie  to  c-uprou*  oxide.  Ftalii;* 
x»luti«.ii  »hould.  therefore,  always  be  tested  by  boiling  before  it  i*  wei  I! 
it  remain-  clear  on  boiling,  it  is  in  good  condition. 

(r )  Picric  Arid  Te*t. — The  work  of  Sir  O eorge  Johnson  and  U.  S.  J.>1;b«« 
ha-  >lmwn  the  value  of  this  reagent  in  detecting  both  albumin  and  -jjhil 
tin*  mine.  The  same  reagent  may  Ik?  employed  for  the  detection  U  Mi 
*u  I  stance*.  The  method  of  testing  for  albumin  ha*  been  already  *i»M 
with  Kstmch's  f ulies.  To  test  for  sugar  do  the  following  exjierimeut.  Tii* 
a  drai'hm  (aljrnit  4  e.c.)  of  diathetic  urine;  add  to  it  an  equal  volar*  <i 
saturated  aqueous  solution  of  picric  acid,  and  half  the  volume  (/>..  2o.ck< 
the  liquor  (totassje  of  the  British  Pharmacopoeia.  Boil  the  mixture  ferabrct 
a  minute,  ami  it  tacomes  so  intensely  dark  red  as  to  be  opaque.  N.*4i 
tin*  >ame  cx|K»rimi*iit  with  normal  urine.  An  orange-red  colour  ap-«n 
even  in  the  cold,  and  is  dceiiened  by  boiling,  but  it  never  become* <f*jot 
ami  on  the  urine  for  clinical  purposes  may  lx*  considered  free  from  *a/j. 
This  ntliiction  of  picric  acid  by  normal  urine  is  due  to  creatinine  n« 
)».  543).  The  reaction  described  may  be  used  for  quantitative  panWb 
mean*  of  Sir  tieorge  Johnson V  picro-saceharometer. 

{/!)  ({uti/ititfitirr  Jh  termination  of  Sugar  in  Urine. — Fehling'*  * -litre 
i^  piepare  1  :^  follows  : — 34639  grammes  "of  cop|>cr  sulphate  are  di*oh»l:i 
aU»ut  200  c.c.  of  distilled  water  :  173  grammes  of  Kochelle  salt  aredi*u:i?J 
in  600  c.c.  of  a  14  per  cent,  solution  of  caustic  soda.  The  two  solu:i«»n« w 
mixed  and  diluted  to  a  litre.  Ten  c.c.  of  this  solution  are  cquiTalefi: v- 
005  grammes  of  dextrose.  Dilute  10  c.c.  of  this  solution  with  ahoar  40  rj\ 
of  water,  and  boil  it  in  a  flask.  Kun  into  this  from  a  burette  :1k-  una 
(which  diould  U*  previously  diluted  with  nine  times  its  volume  <*f  uM.T.*l 
water)  until  the  blue  colour  of  the  copper  solution  disappears — that  i>.Tiiisul 
the  euprie  hydrate  is  reduced.  The  mixture  in  the  flask  should  l*-  ljoiWaNr 
every  addition.  The  quantity  of  diluted  urine  used  from  the  burette  *«u::v 
005  giamme  of  sugar.  Calculate  the  percentage  from  this.  renicmWrK 
that  tin-  urine  has  U'cn  diluted  to  ten  times  its  original  volume. 

It  is  »omi'what  diflicult  for  the  un practise* I  observer  to  deternnriHAn.G- 
rat«ly  the  exaet  point  at  which  the  hi  ue  disappears.  The  blue  colour,  if  aj 
remain*,  will  !«'  seen  by  holding  the  Mask  up  to  the  light.  Some  pref^ra 
white  poreelaiu  lui^in  instead  of  a  flask  ;  the  blue  rein  then  l»e  :*ceri  aaJi* 
the  white  of  the  ba^in. 

l*avy"s  modilicatiou  of  Fchliug's  solution  is  sometimes  used.  hVrcsm- 
monia  hold-*  the  copper  in  solution,  and  no  precipitate  form*  on  hoiliiu-vit: 
*ugar.  n«*  ammonia  holds  the  cuprous  oxide  in  solution.  The  reducfHi.* 
eomplete  when  the  blue  colour  disappears  ;  10  c.c.  of  l'avy's  solution  =  !■?*. 
of  Feh ling's  sulutioii  —  0005  grammes  of  dextrose. 

In  some  i'iiM"«  of  dialietic  urine  where  there  is  excess  of  nuiruonio-niiii.'r.es-. 
pln-sphate.  the  full  reduction  is  not  obtained  with  Fehling's  solution,  afr: 
when  the  quantity  of  sugar  is  small  it  may  be  missed.  In  such  a  cwtftfr 
of  >od:i  or  p'ltash  shiiuid  1m-  lir^t  added,  the  precipitated  phosphates  HIu-pm 
off.  and  the  filtrate  after  it  has  liecn  well  toiled  may  then  Ik4  titrated  wi:h 
Fehling's  -'>lution. 
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test  i-  nol  ji»—« -tut ety  trustworthy.    Often  a  norm*]  nrjac  will 

Kehlings  lolution,  though  seldom  ■  red  precipitate  i^  f 

to  eioesj  <"f  urates  and   erealinine.     Another  substance  calif*! 

iiiic  Acid  (CgH^O^)  is  however,  \<iv  likely  tr »  beoourused  with  sugar 

•y  Fell  )  appearand  met  the sdmuiisti 

drug*  (chloral,  camphor,  toe) ;  oat  ><.ni-  ippean  independently 

i  this  i-  not  known,  but  flu-  condition  has 

the  ■erious  rnnnfng  mm  attaches  bo  cftabetss,  ;  hence,  for  lifeastuirnuee 

confirm  tin  mum*  ©7  attar 

a  thi  rare  condition  called  ateaptonti  milnrly 

pton  1-  a  ftubgtaoce  which  probably  originates  from  tyrosine  by 
in  an  usual  form  of  metabolism.    It  gives  thi   urine  »  brown  tint,  which 
tarkens  on  exposure  to  tin-  air.    it  is  an  aromatfc  rabstanoe,  and  tbc 
ii- >  of  llaumnnu  and  Wolkow  have  identified  it  with  hom< 
.1  (C«H1.(GH)*CHt.CO0H). 
(#)  The  heal  confirmatory  tesi  n.r  itngar  1-  ths/grsiswArfifli  fret,  wti 

d  as  follows  :  — 

Half  Jill  a  tesi  tube  with  the  mine  and  add  ■  Little  German  yeast.    Fill 
up  the  tube  with  mercury  ;  invert  it  In  a  basin  of  mercury,  and  (ease  it  in  a 
m  place  for  twenty-four  hours,    The  sugar  will  undergo  lermentatioti ; 

wh  cumulates  in  the  tube,  an 'I  the  liquid  do  longer  gives  the 

(♦nly  faintly,  but    \i\\  for   alcohol    instead.     A 

tttrol  experiment  should  i*-  nines)  with  yeast  and  water  in  another  test- 
nail  yield  of  carbonic  acid  is  sometime*  obtained  from  impurities- 

i^f)  The  fth< mjlhtjilrtizhtt'  test  (p.  377)  may  alec  be  applied. 

Bile, — This    occurs   in    jaundice.      The    urine   is   dark  brown, 
pMnish,  or  in  extreme  canes:  almost   black  in  colour.     The  most 
iil v  is    Ijtudin's    test    for   the    bile    pjgttti 

t  ten  k  of  era  test  for  the  bile  acids  seldom  succeeds  in  urine 
if  the  test  is  d0JD6  in  t ho  ordinary  www.  The  best  method  is  to 
litn   a  thm    film    of    urine    and   can  solution   in  a    tlat 

troelain  dish.      Then  dip  a  glass,  rod  in  strong  sulphuric  acid, 
Hid  draw  it  across  the  film.      Its  track   is  marked  by  a  purplish 
iine.     Excess  oJ  urobilin  shouhl  not  be  mistaken  for  bile  pigment. 
Blood, — When  hsUUUl'rliagl  occurs  Bo  any  part  of  the  urinary 
tract,  blood  appears  in  the  mine.      It  is  found  in  the  acute 

Blight's  disease.  If  a  targe  quantity  is  present,  the  urine  1^ 
deep  red.  Microscopic  exami nation  then  reveals  the  presence  of 
blood  corpuscles,  and  on  spectroscopic  examination  the  hands  of 
oxyhemoglobin  are  seen. 

If  only  a  small  quantity  of  bleu  id  is  present,  the  secretion — 
especially  it  acid — has  a  chlOTOtalMtAc  reddtsh-hiv*wn  colour, 
which  physicians  tern 

The  blood  piguieui  under  certain  rircumstuiices,  appear 

in  the  urine  without  the  presence  of  any  blood  corpuscles  at  all. 
This  is  produced  by  a  disintegration  of  the  corpuscles  occurring 
in  the  circulation,  and  the  most  n-emieut  cause  of  this  is  a  disease 

allied  to  ague,  which   is  called  po/romffim&l  kotmogfobfa  The 
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pigmeut  is  in  the  condition  of  methaemoglobin  mixed  with  wore 
or  less  oxyhemoglobin,  and  the  spectroscope  is  the  meaus  used 
for  identifying  these  substances. 

Pus  occurs  in  the  urine  as  the  result  of  suppuration  in  any 
part  of  the  urinary  tract.  It  forms  a  white  sediment  ttAemUing 
that  of  phosphates,  and,  indeed,  is  always  mixed  with  phosphate. 
The  pus  corpuscles  may,  however,  be  seen  with  the  microscope; 
their  nuclei  are  rendered  evident  by  treatment  with  i  percent 
acetic  acid,  and  the  pus  corpuscles  are  seen  to  resemble  white 
blood  corpuscles,  which,  in  fact,  they  are  in  origin. 

Some  of  the  proteid  constituents  of  the  pus  cells — and  the 
same  is  true  for  blood — pass  into  solution  in  the  urine,  so  that 
the  urine  pipetted  off  from  the  surface  of  the  deposit  gives  the 
tests  for  albumin. 

On  the  addition  of  liquor  potassa?  to  the  deposit  of  pusttlka 
ropy  gelatinous  mass  is  obtained.  This  is  distinctive.  Mucus 
treated  in  the  same  wav  is  dissolved. 


CHAPTER   XXXVIII. 

THK   SKIX. 

The  skin  is  composed  of  two  parts,  ej>tdermisy  or  ci/f*W>,  and 
dermis*  or  cutis  iwi.  In  connection  with  the  skin  we  shall  ak) 
have  to  consider  the  nails,  the  hairs  with  their  sebaceous  jrlands, 
and  the  sweat  glands. 

The  Epidermis  is  composed  of  a  large  number  of  layers  of 
cells  ;  it  is  a  very  thick  stratified  epithelium.  The  deeper  Uveis 
are  protoplasmic,  and  form  the  rete  mucosum,  or  Mai  pig h  tan  fopr; 
the  surface  layers  are  hard  and  horny  ;  this  horny  layer  u  the 
thickest  part  of  the  epidermis,  and  is  specially  thick  on  the  palms 
and  soles,  where  it  is  subjected  to  most  friction.  The  cells  of  the 
deepest  layers  of  the  Malpighian  layer  are  columnar  in  shape; 
the  layers  next  to  these  are  composed  of  polyhedral  cells,  which 
become  flatter  as  they  approach  the  horny  layers.  Between 
these  cells  are  fine  intercellular  passages,  bridged  across  by  fine 
protoplasmic  processes,  which  pass  from  cell  to  cell ;  the  channels 
between  the  cells  serve  for  the  passage  of  lymph.  It  is  in  the 
cells  of  the  Malpighian  layer  that  pigment  granules  are  deposited 
in  the  coloured  races. 

Between  the  homy  layer  and    the  Malpighian   layer  are  two 
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intermediate  strati,  in  which  the  transformation  of  protopbuna 
into  horny  material  (keratin)  is  taking  place.  In  the  first  of 
— Unit  is,  the  one  baH  bo  the  Malpighiau  layer,  (he  oeUs 
Battened,  and  tilled  with  targe  grannies  of  ,-/#/.///*,  in  inter- 
aediate  substance  in  the  formation  of  horn.  rriiis  layer  is  called 
ic  stratum  gran%i&mim. 

&bove    tltis   arc  several   layers  of    dear,   more    rounded    nils, 
rhich  constitute  the  stoolum  Utcidvm  :  ami  above  tljis  the  horny 


£>, 


-a 


V±s 


5.  427,— Vertical  section  of  the  ■«  pidermi*  of  thr  pPfpQflt,    «,  ftrfttflBJ  ponUKEtt,  of  very 
few  layem,  the  Htmtuni  kieidum  and  ■•ftrntuin  ^ntnulo?Miiii  not  bcinjy  distinctly 
nented;  trt  ct  rf,  and  -.  the  ]  .  un  ]\|;>l|  vhii.  1       1'  un  number  »f  the 

cell*  in  layer*  d  an. I  •    showing  •ten-*  "f  >•  ^nuntutiun;  it  cons ii*f«  ebivfly  of  prickle 
/.  cells  in  GHUfl  vera.     (CadiaL) 

nyer  proper,  many  Strata  deep,  begins.  The  ceils  become  DW0 
id  more  scaly  as  they  approach  tlie  surface,  where  they  lose 
leir  nuclei  and  eventually  become  detached. 
The  epidermis  growl  by  ■  multiplication  of  the  (deepest  layer 
of  cells  (tig,  427,  e}\  the  newly-formed  cells  push  towards  the 
surface  those  previously  formed,  in  their  progress  undergoing  the 
transformation  into  keratin. 

The  epidermis  hftfl  no  blood-vessels  J  nerve-fibrils  pass  hit' 
deepest  layers,  and  ramify  between  the  cells. 

The  Dermis  is  composed  of  dense  fibrous  tissue,  which  U 
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Jar  in  its   deeper  part,  when?  :t  f«tewnfer 

ihlo  degrees  .»nd  adipose  tissue  of  the  «b> 

cutaii  »n.      The  denser  superficial    layer  i*  Terr  ramus; 

and    ih  covered   with   nrimte  pqpjjfa      the  epidermis  15  moulds} 


J   soles,   where  the  pajull 

iu     rows,    their     presence 
indicated  by  Mi»    w&k 

lit   papilla  contain   loof 

i\ud    in  ases, 

in  the  p.iltn   of    the   Uam]  m 

tain  tiotfla  oofprasclei  («b 
will  l  {  it, 

tiun  with  tl* 

diary   net  .  tmted 

the    sweat-glands,    -  gto 

and  hair  folfiolea 
The  rjeej 

untary  unucukr turoe;  then-  n 
ori"  hair  Mii< 

Vails  are  thiekeuiiigs  of   the  statiui,    lucidm... 


ft*.  4*8.-Vwtk»l  AccticKD  of  akin. 

A.    Srhacfoo*  eland   apcaftac 

«.  Mumu- 

Ur  llhrt*. 

■WMt-rUnd.    II.  tMiWutamoui 

I     F*i»dw  of  hair  i 
with  b*irvp«f>It  ■ 
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be*  in  a  depression  called  the  bod  od  tin-  nail,  the  poeterior  i»art 
of  which  is  overlapped  by  epidermis,  and  called  the  waityroove. 
The  dermis  beneath  is  beset  with  Longitudixm]  ridges  inMead  of 
papilla;  tin-  rv  vascular  5   but  in  the  tumUa^  the  oroeoent 

nt  the  base  1  a'  the  nail,  there  are  papilhe,  and  this  part  is  not  so 
fiiwciilar. 


! 

f-/         \ 


PS|f-  4*9.— Surface  of  u  white  hair,  ma^nini  '1    160  diaroeU-rv     Tito  wavy  Urn*  mark  the 
ripper  or  f  roc  edge*  of  the  cortical  teak*,     B,  MeraraUtl  wak*,  magnified  350  diameter*. 

The  Hairs  are  epidermal  growths,  oontained  in  pile  called  hair 

folticftt.      The  part  within  the  follicle  is  called  the  TOOi  of  the  hair. 

The   main   substance  of    the  hair   is   composed    of    pigmei 
homy  fibrous   material,   in  reality   long   Bhiillated    oells.     It  is 

ffir  tf    r 


Fig.  j  30. — I/mgi1  hair  follicle,  a  and  I,  external  root-eheath ;  e, iateraa] 

root -sheath  ;  df  flhrouw  layer  of  the  hut  ,  1 .  medulla  .  /,  hair  papilla  ;  #♦  bloud-veaaela 
of  the  hair-papilla ;  A,  dermic  coat,      cudiiit. 

covered  by  b  layer  of  scales  imbricated  upwards  (hair  cuticle)* 
In  many  hairs  the  centre  Is  occupied  by  a  tunhtlhu  formed  of 
nmnded    cells  containing  eleidin  granules.     Minute  u\y-W\>W^ 


55« 


axrui 


nmy  t*  present  in  both  medulla  anil   fibrous  layer,  mod  caw  tir 

hair  to  look  white  by  reflected  I  _  ^  *** 

produced  by  a  lows  ■  nt. 

Tim  ty  into  a  IiioA,  iatovW 

ects  a  vascular /xu  00  kid. 

The  liair  follicle  cotiHiats  of  tf  itftffc 

lipid*  !                led   Mh    1  :b  tk 


I  -Tnutrom*  wction  of  &  hair  an*)  mad*  below  ttz  wpw«f  ^  St 

ftrWcwit*  i.r  i»kth    of   tin.-  mras   Uw,  <.  -ut*V     4. 

««v1  f ,  Uf»  r*    4  avtui 
bMOHtat   mgllit^iiM  "T  hjulxne   am;  4,  <V>r» 

■ 

•  lied    tit.  il,.  separated   by* 

basement  membrane  called  the  kyalme  layer  of  the  follicle.    TVe 

ibeath  consists  of  an  outer  layer  of  cells  like  the 
l.k\.  r  of  the  epidermis,  with  which  it  is  directly  coothiooos  ( 

<A*n/A)f   and    of  r    (ssssnr    rrx* +mtl\ 

the  homy  1  The  inoer 

root  Btheatfa  f    three  layt  ■  most    Uot£  amt 

tUfl      r7rit/rj   Aiy-r.    the  oext  d 

1  cells  (#kjt  ..and  tb  nrfc 

Sunwards,  which  tit  over  the  scale*  *f  lot 

ii  itself. 

\    -audi    Uuvdlv   of  \Aavu  waBKS&ss  S&***  "\*»  *^inrWji.  •»•  «t 
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follicle  (fig.  428).     When  it   contracts,  as  under  the  influence  <»f 
colli,  or  of  certain  emotions  inch  as  bar,  the  bairte  erected  and  the 
whole  skin  is  roughened  ("goose  skin").     The  nerves  supph- 
these  muscles  are  called  pilomotor  nerves.     The  distribution  of 
these   uerves  closely  follows  those  of  the  vasoconstrictor  nerves 

the  skin  ;   their  oell  stations  are  in  the  lateral  sympathetic  chain. 

The  sebaceous  glands  (tigs.  428  and  432)  are  small  sacruhr 


Pig,  432,— Setaceous  gland  from  human  wkin.     ( Kh  in  and  Noble  Smith.) 

jgi&ndB,  with  ducts  opening  into  the  npper  portion  of  the  tail 
follicles.  The  secreting  cell*  lM;ei>mc  charged  with  tatty  matter. 
Which  is  discharged  into  the  lumen  of  the  eaOOUleS  Owing  to 
the   disintegration  of    the    cells.      The   secretion,    Itf&fHR,   contains 

p.  49a)  in  addition  fed  fatty  matte.     (1 
as  a  lubricant  to  the  hairs, 

The  sweat-glands  are  abundant  over  the  whole  human  skin, 
bnl  or  most  numerous  where  hairs  are  absent,  on  the  paltna  and 
soles.     Bach   consists  of  a  edited  tube  in  the  deepest;  par)  of 

the  dermis;  the  duct  from  which  passes  up  through  the  dermis, 
and  by  B  corkscrew  like  canal  through  the  epidermis  to  the 
Biirfaca 
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The  secreting  tube  is  lined  by  one  or  two  layers  of  cubital  or 
columnar  cells :  outside  this  is  a  layer  of  longitudinally  amm^ 
muscular  fibres,  aud  then  a  basement- membrane. 

The  duct  is  of  similar  structure,  except  that  there  is  usually 
but  one  layer  of  cubical  cells,  and   muscular  ribres  are  aluent; 


Fitf-  4* 


-Terminal   tubule*  of  nudoriferoiw  or  tureat-glands,  cut  in  variow  dirwtoat 
from  the  skin  of  the  pig's  car.     VV.  D.  Hania.) 


tin-  passage   through   the  epidermis  has   no   pro}>er  wall;  it  is 
merely  a  channel  excavated  between  the  epidermal  cells. 

The  ceruminous  glands  of  the  ear  are  modified  sweat-gku<k 


The  Functions  of  the  Skin. 


Protection. — The  akin  acts  as  a  protective  organ,  not  only  k 
mechanically  covering  and  so  defending  internal  structures  fnmi 
external  violence,  but  more  particularly  in  virtue  of  its  being  an 
organ  of  sensation  (see  later  in  the  chapter  on  Touch). 

Heat  Regulation. — See  Chapter  XL. 

Respiration. — A  small  amount  of  respirator)'  interchange  of 
gases  occurs  through  the  skin,  but  iu  thick-skinned  animals  this 
is  very  small.  In  man,  the  carbonic  acid  exhaled  by  the  skin  i* 
about  ,J0  to  ..,',,,  of  that  which  passes  from  the  lungs.  But  iu 
thin  skinned  animals,  like  frogs,  cutaneous  respiratiou  is  very 
important  ;  after  the  removal  of  the  lungs  of  a  frog,  the 
respiratory  interchange  through  the  skin  is  sufficient  to  keep  the 
animal  alive,  the  amount  of  carbonic  acid  formed  Ixring  about 
half  as  much  as  when  the  lungs  are  present  (Bischoff). 

Absorption. —  This  also  is  an  unimportant  function  ;  but  the 
skin  will  in  a  small  measure  absorb  oily  materials  placed  in  contact 
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with  it ;  thus  in  some  cases  infants  who  will  not  take  cod-liver 
oil  by  the  mouth,  can  yet  be  dosed  with  it  by  nibbing  it  into  the 
skin.  Many  ointments  also  are  absorbed,  and  thus  general  effects 
produced  by  local  inunction. 

Secretion. — The  secretions  of  the  skin  are  two  in  number. 
The  sebum  is  the  natural  lubricant  of  the  hairs.  The  sweat  is  an 
excretion.  The  secretion  of  sweat  is  an  important  function  of 
the  skin,  and  we  will  therefore  discuss  it  at  greater  length. 


The  Sweat. 

Physiology  of  the  Secretion  of  Sweat. — We  have  seen  that 
the  sweat-glands  are  most  abundant  in  man  on  the  palms  and 
soles,  and  here  the  greatest  amount  of  perspiration  occurs. 
Different  animals  vary  a  good  deal  in  the  amount  of  sweat  they 
secrete,  and  in  the  place  where  the  secretion  is  most  abundant. 
Thus  the  ox  }>erspires  less  than  the  horse  and  sheep  ;  perspiration 
is  absent  from  nits,  rabbits,  and  goats ;  pigs  perspire  mostly  on 
the  snout :  dogs  and  cats  on  the  pads  of  the  feet. 

As  long  as  the  secretion  is  small  in  amount,  it  is  evaporated 
from  the  surface  at  once  ;  this  is  called  insensible  jterqrimtion. 
As  soon  as  the  secretion  is  increased  or  evaporation  prevented, 
drops  appear  on  the  surface  of  the  skin.  This  is  known  as 
sensible  })ers]tiration.  The  relation  of  these  two  varies  with  the 
temperature  of  the  air,  the  drier  and  hotter  the  air,  the  greater 
being  the  proportion  of  insensible  to  sensible  perspiration.  In 
round  numbers  the  total  amount  of  sweat  secreted  by  a  man  is 
two  pounds  in  the  twenty-four  hours. 

The  amount  of  secretion  is  influenced  .by  the  vaso-motor 
nerves ;  an  increase  in  the  size  of  the  skin-vessels  leads  to 
increased,  a  constriction  of  the  vessels  to  diminished,  perspira- 
tion. There  are  also  special  secretory  fibres,  stimulation  of 
which  causes  a  secretion  even  when  the  circulation  is  suspended, 
as  in  a  recently  amputated  limb.  These  fibres  are  paralysed 
by  atropine.  They  are  contained  in  the  same  nerve-trunks  as 
the  vaso-motor  nerves,  as  are  also  the  nerve-fibres  whicli  supply 
the  plain  muscular  fibres  of  the  sweat-glands  which  act  during  the 
expulsion  of  the  secretion.  The  secretory  nerves  for  the  lower 
limbs  issue  from  the  spinal  cord  by  the  last  two  or  three  dorsal 
and  first  two  or  four  lumbar  nerves  (in  the  cat) ;  they  have  cell 
stations  in  the  lower  ganglia  of  the  lateral  chaiu,  and  pass  to  the 
abdominal  sympathetic  and  thence  to  the  sciatic  nerve.  They 
are  controlled  by  a  centre  in  the  upper  lumbar  region  of  the  cord  ; 

k.p.  o  o 
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those  for  the  upper  limbs  leave  the  cord  by  the  sixth,  seventh,  ud 
eighth  anterior  thoracic  roots,  have  cell  stations  in  the  gangik* 
stellatuni  and  ultimately  pass  to  the  ulnar  and  median  nerves; 
they  are  controlled  by  a  centre  in  the  cervical  enlargement  of  the 
cord.  The  secretory  fibres  for  the  head  pass  in  the  cervical 
sympathetic,  and  in  some  branches  of  the  fifth  cranial  nenet 
These  subsidiary  centres  are  dominated  by  one  in  the  medolU 
oblongata  (Adamkiewicz).  These  facts  have  been  obtained  It 
experiments  on  animals  (cat,  horse). 

The  sweat-centres  may  be  excited  directly  by  venous  blood,  &» 
in  asphyxia  ;  or  by  over-heated  blood  (over  45°  C.)  ;  or  by  certain 
drugs  (see  further) ;  or  reflexly  by  stimulation  of  affereut  nero 
such  as  the  crural  and  peroneal. 

Nervous  diseases  are  often  accompanied  with  disordered  sweat- 
ing ;  thus  unilateral  perspiration  is  seen  in  some  cases  of 
hemiplegia  ;  degeneration  of  the  anterior  nerve-cells  of  the  cord 
may  cause  stoppage  of  the  secretion.  It  is  sometimes  iucraued 
in  paralysed  limbs. 

The  changes  that  occur  in  the  secreting  cells  have  been 
investigated  by  Rcnaut  in  the  horse.  When  charged  they  at 
clear  and  swollen,  the  nucleus  being  situated  near  their  attached 
ends ;  when  discharged  they  are  smaller,  granular,  and  their 
nucleus  is  more  central. 

The  sweat,  like  the  urine,  must  be  regarded  as  an  eiartkB. 
the  secreting  cells  eliminating  substances  formed  elsewhere. 

Composition  of  the  Sweat. — Sweat  may  be  obtained  ■ 
abundant  quantities  by  placing  the  animal  or  man  in  a  ckwi 
hot-air  bath,  or  from  a  limb  by  enclosing  it  in  a  vessel  made  air- 
tight with  an  elastic  bandage.  Thus  obtained  it  is  miiedwith 
epidermal  scales  and  a  small  quantity  of  fatty  matter  from  the 
sebaceous  glands.  The  continual  shedding  of  epidermal  scales  k 
in  reality  an  excretion.  Keratin,  of  which  they  are  chiefly 
composed,  is  rich  in  sulphur,  and,  consequently,  this  is  one  means 
by  which  sulphur  is  removed  from  the  body. 

The  reaction  of  sweat  is  acid,  and  the  acidity,  as  in  the  urine,  is 
due  to  acid  sodium  phosphate.  In  profuse  sweating,  however, 
the  secretion  usually  becomes  alkaline  or  neutral.  It  has  1 
peculiar  and  characteristic  odour,  which  varies  in  different  puts 
of  the  body,  and  is  due  to  volatile  fatty  acids  ;  its  taste  is  saltish, 
its  specific  gravity  about  1005. 

In  round  numbers  the  percentage  of  solids  is  i'2,  of  which  0*8 
is  inorganic  matter.  The  following  table  is  a  compilation  froo 
several  analyses  : — 
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The  salts  are  in  kh i- 1  ami   relative  quantity  very  like  those  o£ 

urine,      Funke  was  unable  to  find  any  urea,  but  most  other 

11  the  presence  of  a  minute  quantity.     It  appears 

I  to  become  quickly  transformed  into  ammonium  carbonate.  The 
proteid  which  is  present,  is  probably  derived  from  the  epithelial 
cells  of  the  epidermis,  sweat-glands,  and  ft&baoeotlf  glftndfl,  win. -h 
are  suspended  in  the  excretion  ;  but  in  the  horse  there  is  albumin 
actually  in  solution  in  the  sweat 

Abnormal,  Unusual,  or  Pathological  Conditions  of  the 
Sweat* — Drugs.  —  Certain    drugs    (sudorific*)    favour    swea' 

pilocarpine,  Calabar  bean,  strychnine,  pierotoxine,  muscarine, 
nicotine,   camphor,    ammonia,      Others   diminish    the    secretion, 
atropine  and  morphine  in  large  doses. 
Large    quantities    of     water,    by    raising     the    blond  pressure, 
increase  the  perspiration. 

substances   introduced    into    the    body  reappear  in    the 
at,  'V    benzoic,  tartaric,  and  succinic  acids  readily,  quinine 
and   iodine   with    more   difficulty.     Compounds  of   arsenic   and 
mercury  behave  similarly, 

nates. — Cystiu  lias  been  found  in  some  cases,  dextrose  in 
diabetic  patients  :  bile-pigment  in  those  with  jaundice  (as  evi- 
denced by  the  Staining  of  the  clothes)  ;  indigO  in  a  peculiar 
condition  known  as  ehromidrosis  ;  blood  or  tuematin  deriva- 
tives in  red  sweat;  albumin  in  the  sweat  of  acute  rheumatism, 
which  is  often  very  acid  ;  urates  and  calcium  oxalate  in  gout; 
lactic  arid  in  puerperal  fever,  and  OCC&monallj  in  rickets  and 
scrofula. 

Kidney  2Mmom* — The  relation  of  the  secretion  of  the  skin  to  that 
• »f  the  kidneys  is  a  very  close  one.  Thus  copious  secretions  of  urine, 
or  watery  evacuations  From  the  alimentary  canal,  coincide  with  dry- 
IB  of  the  skin  ;  abundant  perspiration  and  scanty  urine  generally 
go  together.  In  the  condition  known  as  urtrmta  (see  p,  535),  when 
the  kidneys  secrete  little  or  no  urine,  the  percentage  of  urea  rises 
in  the  sweat;  the  sputum  and  the  saliva  also  contain  urea  under 
those  circumstances.     The  clear  indication  for  the  gbjtSfiifln  \\\ 
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such  cases  is  to  stimulate  the  skin  to  action  by  hot-air  baths  and 
pilocarpine,  and  the  alimentary  canal  by  means  of  purgatives. 
In  some  of  these  cases  the  skin  secretes  urea  so  abundantly  that 
when  the  sweat  dries  on  the  body,  the  patient  is  covered  with  a 
coating  of  urea  crystals. 

Varni shiny  the  Skin. — By  covering  the  skin  of  such  au  animal 
as  a  rabbit  with  an  impermeable  varnish,  the  temperature  is 
reduced,  a  peculiar  train  of  symptoms  set  up,  and  ultimately  the 
animal  dies.  If,  however,  cooling  be  prevented  by  keeping  smeh 
an  animal  in  warm  cotton-wool,  it  lives  longer.  Varnishing  the 
human  skin  does  not  seem  to  be  dangerous.  Many  explanation* 
have  been  ottered  to  explain  the  peculiar  condition  olwerved  in 
animals  ;  retention  of  the  sweat  would  hardly  do  it  ;  the  blood  k 
not  found  jtost  mortem  to  contain  any  abnormal  substance,  nor  is 
it  poisonous  when  transfused  into  another  animal,  rutaucow 
respiration  is  so  slight  in  mammals  that  stoppage  of  this  function 
cannot  be  supposed  to  cause  death.  The  animal,  iu  fact,  dies  of 
cold  ;  the  normal  function  of  the  skin  in  regulating  temperature 
is  interfered  with  by  injury  to  its  vaso-motor  nerves,  and  it  is  only 
animals  with  delicate  skins  which  are  thus  affected. 


CHAPTER    XXXIX. 

(SKNKllAL   MKTAUOMSM. 

Thk  word  MrtaMistu  has  been  often  employed  in  the  preceding 
chapters,  and,  as  there  explained,  it  is  used  to  express  the  sum 
total  of  the  chemical  exchanges  that  occur  in  living  tissues.  The 
chemical  changes  have  been  considered  separately  under  the 
headings  Alimentation,  Excretion,  Respiration,  «fce.  We  have  now 
to  put  our  knowledge  together,  and  consider  these  subjects  in 
their  relation  to  one  another. 

The  living  body  is  always  giving  off  by  the  lungs,  kidneys,  and 
skin  the  products  of  its  combustion,  and  is  thus  always  teuding 
to  lose  weight.  This  loss  is  compensated  for  by  the  intake  of 
food  and  of  oxygen.  For  the  material  it  loses,  it  receives  in 
exchange  fresh  substances.  If,  as  in  a  normal  adult,  the  income 
is  exactly  equal  to  the  expenditure,  the  body- weight  remains 
constant,      if,  as   \\\  \v  ^cvyn'wyje,  <&w\Vi%  live  iucome  exceeds  the 
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expenditure,  the  body  gains  weight;  and  if,  as  in  febrile 
conditions,  or  during  starvation,  the  expenditure  exceeds  the 
income,  the  body  wastes. 

The  first  act  in  the  many  steps  which  constitute  nutrition  is 
the  taking  of  food,  the  next  digestion  of  that  food,  the  third 
absorption,  and  the  fourth  assimilation.  In  connection  writh 
these  subjects,  it  is  important  to  note  the  necessity  for  a  mixed 
diet,  and  the  relative  and  absolute  quantities  of  the  various 
proximate  principles  which  are  most  advantageous.  Assimilation 
is  a  subject  which  is  exceedingly  difficult  to  describe ;  it  is  the 
act  of  the  living  tissues  in  selecting,  appropriating,  and  making 
part  of  themselves  the  substances  brought  to  them  by  the  nutrient 
blood-stream  from  the  lungs  on  the  one  hand,  and  the  alimentary 
canal  on  the  other.  The  chemical  processes  involved  in  some  of 
these  transactions  have  been  already  dwelt  on  in*  connection  with 

.  the  functions  of  the  liver  and  other  secreting  organs,  but  even 
there  our  information  on  the  subject  is  limited  ;  much  more  is 
this  the  case  in  connection  with  other  tissues.     Assimilation,  or 

-the  building  up  of  the  living  tissues,  may,  to  use  Gask ell's 
expression,  be  spoken  of  as  anabolic. 

"Supposing  the  body  to  remain  in  the  condition  produced  by 
these  anabolic  processes,  what  is  its  composition  ]  A  glance 
through  the  chapters  on  the  cell,  the  blood,  the  tissues,  and  the 
organs  will  convince  the  inquirer  that  different  parts  of  the  body 

*  have  very  different  compositions ;  still,  speaking  of  the  body  as  a 
whole,  Yolckmann  and  Bischoff  state  that  it  contains  64  per  cent. 
of  water,  16  of  protcids  (including  gelatin),  14  of  fat,  5  of  salt, 
and  1  of  carbohydrates.  The  carbohydrates  are  thus  the 
smallest  constituent  of  the  body  ;  they  are  the  glycogen  of  the 
liver  and  muscles,  and  small  quantities  of  dextrose  in  various 
parts. 

The  most  important,  because  the  most  abundant  of  the  tissues 
of  the  body,  is  the  muscular  tissue.  Muscle  forms  about  42  per 
cent,  of  the  body-weight,*  and  contains,  in  round  numbers,  75 
per  cent,  of  water  and  2 1  per  cent,  of  proteids  ;  thus  about  half 
the  proteid  material  and  of  the  water  of  the  l>ody  exist  in  its 
muscles. 

The  body,  however,  does  not  remain  in  this  stable  condition ; 
even  while  nutrition  is  occurring,  destructive  changes  are  taking 
place  simultaneously  ;  each  cell  may  be  considered  to  be  in  a 


*  The  following  is  in  round  numbers  the  percentage  proportion  of  the 
different  structural  elcmentB  of  the  body:  skeleton,  16;  muscles.  42:  fat^ 
18  :  vi*of*ra.  9  ;  slew,  8 :  brain.  2 :  blood.  5. 
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state  of  unstable  equilibrium,  undergoing  anabolic,  or  coustrnctire 
processes,  on  the  one  band,  and  destructive,  or  katabatic,  processes 
on  the  other.  The  katabolic  series  of  phenomena  commences  with 
combustion  :  the  union  of  oxygen  with  carton  to  form  carbonic 
acid,  with  hydrogen  to  form  water,  with  nitrogen,  carbon,  and 
hydrogen  to  form  urea,  uric  acid,  creatinine,  and  other  le* 
important  substances  of  the  same  nature.  The  formation  of  thee 
last-mentioned  substances,  the  nitrogenous  metabolites,  is,  for- 
ever, as  previously  pointed  out,  partly  synthetical.  The  discharge 
of  these  products  of  destructive  metatolism  by  the  expired  air. 
the  urine,  the  sweat,  and  fa?ces  is  what  constitutes  excretion;  eicre- 
tion  is  the  final  act  in  the  metabolic  round,  and  the  composite 
of  the  various  excretions  has  already  been  considered. 

An  examination  of  the  intake  (food  and  oxygen)  and  nf  the 
output  (excretion)  of  the  body  can  be  readily  made :  much  mote 
readily,  it  need  hardly  be  said,  than  an  examination  of  the  inter- 
mediate steps  in  the  process.  A  contrast  between  the  two  can  be 
made  by  means  of  a  t>alance-sheet.  A  familiar  comparison  mtj 
be  drawn  between  the  affairs  of  the  animal  body  and  those  of  a 
commercial  company.  At  the  end  of  the  year  the  company 
presents  a  report  in  which  its  income  and  its  expenditure  are 
contrasted  on  two  sides  of  a  balance-sheet.  This  sheet  is  a 
summary  of  the  monetary  affairs  of  the  undertaking ;  it  gives  few 
details,  it  gives  none  of  the  intermediate  steps  of  the  manner  in 
which  the  property  has  been  employed.  This  is  given  iu  the 
preliminary  parts  of  the  report,  or  may  bo  entered  into  by  still 
further  examining  the  l>ooks  of  the  company. 

In  the  parts  of  this  l>ook  that  precede  this  chapter  I  hare 
endeavoured  to  give  an  account  of  various  transaction*  that 
occur  in  the  body.  I  now  propose  to  present  a  balance-sheet. 
Those  who  wish  still  further  to  investigate  the  affairs  of  the 
body  may  do  so  by  the  careful  study  of  works  on  physiology; 
still,  text-books  and  monographs,  however  good,  will  teach  one 
only  a  small  amount  ;  the  rest  is  to  be  learnt  by  practical 
study  and  research  ;  and  we  may  compare  physiologists  to  the 
accountants  of  a  commercial  enterprise,  who  examine  into  the 
details  of  its  working.  Sometimes,  in  business  undertakings,  a 
deficit  or  some  other  error  is  discovered,  and  it  may  be  that  the 
source  of  the  mistake  is  only  found  after  careful  search.  Under 
these  conditions,  the  accountants  should  be  compared  to 
physicians,  who  discover  that  something  is  wrong  in  the  working 
of  the  animal  body;  and  their  object  should  be  to  discover  where, 
in  the  metabolic  cycle,  the  mistake  has  occurred,  and  subsequently 
endeavour  \o  recA"u\  \t. 
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The  construction  of  balance-sheets  for  the  human  and  animal 
"body  may  be  summed  up  in  the  German  word  Stoffwechsel,  or 
"  exchange  of  material."  A  large  number  of  investigators  have 
applied  themselves  to  this  task,  and  from  the  large  mass  of 
material  published,  it  is  only  possible  to  select  a  few  typical 
examples.  The  subject  has  been  worked  out  specially  by  the 
Munich  school,  under  the  lead  of  Pettenkofer  and  Voit. 

The  necessary  data  for  the  construction  of  such  tables  are : — 

(1)  The  weight  of  the  animal  before,  during,  and  after  the 
experiment. 

(2)  The  quantity  and  composition  of  its  food. 

(3)  The  amount  of  oxygen  absorbed  during  respiration. 

(4)  The  quantity  and  composition  of  urine,  fceces,  sweat,  and 
expired  air. 

(5)  The  amount  of  work  done,  and  the  amount  of  heat 
developed.  (The  subject  of  animal  heat  will  be  considered  in  the 
next  chapter.) 

Water  is  determined  by  subtracting  the  amount  of  water 
ingested  as  food  from  the  quantity  lost  by  bowels,  urine,  lungs, 
and  skin.  The  difference  is  a  measure  of  the  katabolism  of 
hydrogen. 

Nitrogen. — The  nitrogen  is  derived  from  proteids  and  albumi* 
noids,  and  appears  chiefly  in  the  urine  as  urea  and  uric  acid. 
Minute  quantities  are  eliminated  as  similar  compounds  in  sweat 
and  faeces.  From  the  amount  of  nitrogen  so  found,  the  amount 
of  proteids  which  have  undergone  katabolism  is  calculated. 
Proteids  contain,  roughly,  1 6  per  cent,  of  nitrogen  ;  so  1  part  of 
nitrogen  is  equivalent  to  6*3  parts  of  protcid ;  or  1  gramme  of 
nitrogen  to  30  grammes  of  flesh. 

Fat. — Subtract  the  carbon  in  the  metabolised  proteid  (proteid 
contains  54  per  cent,  of  carl>on)  from  the  total  carbon  eliminated 
by  lungs,  skin,  bowels,  and  kidneys,  and  the  difference  represents 
fat  that  has  undergone  metabolism.  Fat  contains  76*5  per  cent. 
of  carbon ;  hence  the  carbon,  which  represents  fat,  multiplied  by 
1 '3,  gives  the  amount  of  katabolised  fat. 

The  Discharge  of  Carbon. 

The  influence  of  food  on  the  rate  of  discharge  of  carbonic  acid 
is  immediate.  The  increase  after  each  meal,  which  may  amount 
to  20  per  cent.,  reaches  its  maximum  in  about  one  or  two  hours. 
This  effect  is  most  marked  when  the  diet  consists  largely  of 
carlx)hydrates. 

About  95  per  cent,  of  the  carbon  discharged  leaves  W\&  m^p&Sssa^ 
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as  carlxniic  acid.     The  total  insensible  loss  ( =  carbonic  acid  * 

water  given  off -oxygen  absorbed)  amounts  in  man  to  about  25 

grammes  per  hour.     Of  the  total   hourly  discharge  of  carbonic 

acid,  leas  than  05  per  cent,  is  cutaneous.      The  hourly  discharge 

of    carbonic    acid  in  a  man  at  rest   is  alx>ut  32  grammes,  the 

weight  of  oxygen  absorl>ed  being  25  to  28  grammes  in  the  suae 

time.     The    hourly   discharge    of    watery    vapour   is  at*>iit  2c 

grammes. 

Ah  a  volume  of  carbonic  acid  (COa)  contains  the  same  weight  of 

oxygen  as  an  equal  volume  of  oxygen  (<  >a),  it   is  obvious  that,  if 

all   the  absorbed  oxygen  were  discharged    as  carl  ionic  acid,  tl* 

(X>a  expired 
"respiratory  quotient''  (by  volume)  =(>      y       1^1  would  be  eijuai 

to  1.  This,  however,  is  not  the  case,  the  volume  of  oivgea 
absorbed  being  in  excess  of  the  carlxniic  acid  discharged.  Jn 
animals  fed  exclusively  on  carbohydrates  (this  would  011k  i« 
possible  for  a  short  time)  equality  is  approached.  The  exce*  (4 
oxygen  is  greatest  when  the  diet  consists  largely  of  fats. 

On  a  mixed  diet,  comprising  100  grammes  of  proteid,  100 ji 
fat,  and  250  of  carbohydrates,  with  a  carbonic  acid  disc-hup*  of 
770  grammes  daily,  and  a  daily  assumption  of  666  grammes  tf 
oxygen,  560  grammes  of  the  oxygen  are  discharged  in  the  carl <«iic 
acid,  about  9  in  urea,  and  97  grammes  in  the  form  of  water  (of 
which  78  grammes  are  formed  from  the  hydrogen  of  the  fat l . 
the  respiratory  quotient  is  then  0*84.  In  hibernation  tin? 
respiratory  quotient  sinks  lower  than  in  any  other  known  au- 
dition (often  less  than  0*5),  for  the  animal  then  lives  aln>*t 
entirely  on  its  own  fat.  The  discharge  of  carbonic  ackl  U 
increased  by  muscular  work,  and  the  respiratory  quotient  ak> 
rises.  I  )iminution  of  the  surrounding  temperature  causes  increasal 
discharge  of  carbonic  acid.  (These  points  are  all  discussed  nx»re 
fully  in  Chapter  XXIV.) 

The  Discharge  of  Nitrogen. 

In  man  the  minimum  daily  allowance  of  nitrogen  i*  15 
grammes  or  002  per  cent,  of  the  l>ody-wcight  ;  in  the  caniivom 
about  01  per  cent.  ;  in  the  ox,  as  an  instance  of  a  herbivorous* 
animal,  0005  per  cent.  In  certain  races  of  mankind  (c//.  coolies) 
the  nitrogen  requirement  is  less  than  in  Europeans.  The  reason 
why  this  is  so  i>  not  understood. 

Some  recent  experiments  by  Hirschfeld  have  shown  that  for  a 
short  time  nitrogenous  equilibrium  can  l>e  maintained  on  a 
Mnaller     daily     sv\y>\A\     vA     \\ywy^\\   \N\*\\    \^    <^c«fcaa*«^    But 
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experiments  extended  over  a  longer  time  have  shown  that  sooner 
or  later  the  body  begins  to  waste  if  the  1 5  grammes  daily  are 
not  supplied  in  the  food. 

In  an  animal  fed  exclusively  on  flesh,  the  discharge  of  nitrogen 
at  first  increases  jxim  2"issu  with  the  absorption  of  proteid,  the 
absorption  of  oxygen  being  proportionately  increased  at  the  same 
time.  The  animal,  however,  gains  weight  from  increase  of  fat, 
the  proteid  being  split  into  what  is  called  a  nitrogenous  moiety, 
which  is  burnt  oft',  and  a  non-nitrogenous  moiety  which  is  converted 
into  fat. 

The  discharge  of  nitrogen  is  not  immediately  or  markedly 
influenced  by  muscular  work  (see  p.  536) ;  the  increased  com- 
bustion that  occurs  in  working  as  compared  with  resting  muscles 
falls  chiefly  on  their  non-nitrogenous  constituents. 

Balance  of  Income  and  Discharge  in  Health. 

In  Chapter  XXVI 11.  tables  are  given  of  adequate  diets;  these 
will  in  our  balance-sheets  represent  the  source  of  income ;  the 
other  side  of  the  balance-sheet,  the  expenditure,  consists  of  the 
excretions. 


Exchange  of  Material  on  an  Adequate  Diet 
(Ranke's  table).* 


Income. 
Foodtt.  Nitrogen.     Carbon. 


Expenditure.  I 

Excretions.  Nitrogen,  i   Carbon,   i 


Proteid  .  100  gr.     15-5  gr.      53-0 gr.  Urea      .  3i'5  R1*-  I  ....  '  6.j6 

Fat         .  100  „       00  „      79*o  „  1  Uric  acid  05  .,  J    **  | 

Carbohy-                                               .  Fasces         .        .  1*1  ,  10*84 

drates.250  „       00  „      930  ,.  Respiration(COa)  00  ;  208*00 

155  „  2250  „  155  225'«> 


•In  man  the  discharge  of  nitrogen   per  kilo,  of  body-weight 
is   0*21    gramme,   and    of   carbon   3*03   grammes,   the  quotient 

C 

^  =  14/5.      In  carnivorous  animals,  which,  according  to  Bidder 


*  The  above  table  was  constructed  from  data  derived  from  the  observations 
of  Prof,  llanke  on  himself.  Though  made  many  years  ago,  Kanke's  tables 
still  serve  an  typical  and  standard  examples  of  metabolic  \)&\&iic&-¥ta&ttV%. 
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and  Schmidt,  use  1*4  N  and  62C  per  kilo,  per  diem,  ^  =  44. 

C 

In  the  human  being  on  a  flesh  diet  ^r  =  5*2,  the  exchange  thta 

approaches  the  condition  of  the  carnivora.      This  is  illustrated  by 
the  following  ljalance-sheet  (Ranke)  : — 


Income. 

1                                Expenditure. 

- 

Nitrogen. 

Carbon. 

—                     Nitrogen. 

Ctrtw. 

Food   . 

Disintegration 
of  tissues     . 

.     62*3  gr. 

1 

2796 
45*9 

,  Discharged        by  j 
1      excretion          .  1      440 
Retained  in  store  '      1 83 

a6yo 
623 

;*-3 

3255 

;             |  fa-3 

Pfo 

The  details  of  the  above  experiment  may  be  given  as  illus- 
trating the  method  of  working  out  a  problem  in  exchange  of 
material  :  1832  grammes  of  meat  used  as  food  yielded  3*4  per 
cent,  of  nitrogen,  i.e.  62*3  gr.,  and  12*5  per  cent,  of  carbon,  u 
229/3  gr.  ;  70  gr.  of  fat  added  to  the  food  yielded  72  per  cent  of 
carbon,  i.e.  503  gr.  :  229-3  +  50-3  =  279*6  =  total  carbon  in 
food  During  the  same  period  86*3  gr.  of  urea  were  discharged, 
containing  46*6  per  cent.,  i.e.  40*4  gr.  of  nitrogen,  and  20  per 
cent.,  i.e.  17*3  gr.  of  carbon,  to  which  must  be  added  2  gr.  of 
uric  acid,  containing  33  per  cent.,  i.e.  o'66  gr.  of  nitrogen,  and 
35  per  cent.,  i.e.  07  gr.  of  carbon.  Further,  2*9  gr.  of  nitrogen 
and  14  gr.  of  carbon  were  discharged  in  the  faeces,  and  231  gr. 
of  carbon  as  carbonic  acid  in  the  expired  air.  Hence  the  total 
discharge  of  nitrogen  =  40*4  +  o*66  +  2*9  =  44  gr.,  and  the  total 
discharge  of  carbon  =  17 -3  +  o'7  +  14+  231  =  263  gr.  Deducting 
the  quantity  of  nitrogen  discharged  from  that  taken  in,  183  gr. 
must  have  been  retained  in  the  body,  as  108  gr.  of  proteid,  and 
consequently  53  per  cent,  of  that  weight  =  62:5  gr.  of  carbon, 
were  also  retained.  Comparing  the  quantity  of  carbon  disposed 
of  in  the  twenty-four  hours  with  the  quantity  introduced  as  food, 
we  find  the  latter  is  in  excess  by  45*9  gr.,  which  must  have  been 
derived  from  the  disintegration  of  the  fat  of  the  bodv. 

Another  table  of  exchange  of  material  011  adequate  diet  may 
he  quoted  from  the  work  of  Pettenkofer  and  Voit.  This  takes 
into  account  the  elimination  of  water  as  well  as  of  carbon  and 

rogen.      In  tW  WvsX  c*^v\\\\<£\\V  \\\a  va»5>L  •Sv^wck  ^-wsfc*^ 
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Income. 


Expenditure. 


Food. 


Nitrogen.     Carbon. 


Proteitl  .    137  pr. 
,  Fat         .    117   .. 
j  Carbohy- 
drate .    352   ,. 

Water    .  2016  ., 


195    !     315*5 


Excre- 
tions. 

Urine   . 

Expired  I 
air 


Nitrogen. 


174 

21 


,        '95 


Carbon. 

127 
I4'5 

2486 

275^ 


Water. 

1279 
83 

828 
2190 


Here  the  body  was  in  nitrogenous  equilibrium,  and  it  elimi- 
nated more  water  than  it  took  in  by  174  grammes,  this  being 
derived  from  oxidation  of  hydrogen.  It  stored  397  grammes  of 
carbon,  which  is  equivalent  to  52  grammes  of  fat. 

The  next  table  gives  the  results  of  an  experiment  on  the  same 
man  on  the  same  diet,  but  who  did  active  muscular  work  during 
the  day  : — 

Expenditure.  Nitrogen.  Carbon.  Water. 

Urine 17-4              126  1 194 

Faeces 21               145  94 

Expired  air           ...  —  309*2  1412 


195 


336*3 


2700 


It  is  important  to  notice  that  the  discharge  of  nitrogen  was 
unaltered  while  that  of  both  carbon  and  hydrogen  was  increased. 


Inanition  or  Starvation. 

The  income  from  without  is,  under  these  circumstances,  nil ; 
expenditure  still  goes  on,  as  a  result  of  the  disintegration  of  the 
tissues  ;  the  amount  of  disintegration  is  measured  by  the  dis- 
charges in  the  manner  already  described.  The  following  table 
from  Ranke's  experiment  on  himself  represents  the  exchange  for 
a  period  of  twenty-four  hours,  twenty-four  hours  having  elapsed 
since  the  last  meal. 


Disintegration  of  tissue. 


Nitrogen. 

Carbon. 

1  Proteid.    50    gr.         7*8 
1  Fat        .  1996   „  ,      o*o 

j                      /          1 

265 
1575 

184*0 

1 

Expenditure. 


Nitrogen.     Carbon. 


Urea       .17    gr.   \      g 
Uric  acid    0*2  ,.     j    ' 
Respiration  (CO^       o*o 


3*4 
1806 


78         1840 


v 
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The  discharge  of  nitrogen  per  kilo,  of  bod y-weight  was  reduced 

0 
to  o-i,   ^  being    2 3  5.     In   carnivorous   animals,   in  prolonged 

C 

inanition,  the  discharge  of  nitrogen  per  kilo,  is  0*9  and  ^  =  6*6. 

During  starvation  the  man  or  animal  gradually  loses  weight, 
the  temperature,  after  a  preliminary  rise,  sinks ;  the  function* 
get  weaker  by  degrees,  and  ultimately  death  ensues,  the  total 
weight  lost  being  from  03  to  0*5  of  the  original  body-weight 

The  age  of  the  animal  influences  the  time  at  which  death 
occurs,  old  animals  withstanding  the  effects  of  hunger  better  than 
young  ones.  This  statement  was  originally  made  by  Hippocrata, 
and  was  borne  out  by  the  experiments  of  Martigny  and  ChoauL 
Young  animals  lose  weight  more  quickly,  and  die  after  a  smaller 
loss  of  weight,  than  old  ones. 

The  excretion  of  nitrogen  falls  quickly  at  the  commencement 
of  an  experiment ;  it  reaches  a  minimum  which  remains  constant 
for  several  days  ;  it  then  rises  when  the  fat  of  the  animal  ha 
been  used  up,  and  then  quickly  falls  with  the  onset  of  symptom 
of  approaching  death. 

The  sulphates  and  phosphates  in  the  urine  show  approximateJj 
the  same  series  of  changes. 

The  discharge  of  carbonic  acid  and  the  intake  of  oxygen  fall, 
but  not  so  quickly  as  the  body  loses  weight  :  it  is  not  until  quite 
the  last  stages  that  these  are  small  in  proportion  to  one  another. 

The  ueees  become  smaller  and  smaller  in  quantity  until  no 
discharge  from  the  rectum  ocelli's  at  all. 

The  amount  of  bile  secreted  also  falls;  but  bile  is  found  in 
the  gall-bladder  and  intestine  after  death. 

Taking  the  total  loss  of  weight  as  100,  the  loss  due  to  that  of 
individual  organs  may  be  stated  as  follows  (Voit)  : — 


Bon<-      . 

•       5'4 

Pancreas 

01 

Brain  and  cord 

.     <n 

Musrle       . 

.     .     422 

Lungs 

.      03 

Skin  and  hair  . 

.     8-8 

Liv«>r     . 

.       4-8 

Heart   . 

O'O 

Fat 

.    261 

Kidneys   . 

.     .       06 

Testes 

01 

Blood 

•     37 

Spli-en*  . 

.       06 

Intestine 

2*0 

Other  parts  . 

•     5-0 

Some  organs  thus  lose  but  little  weight  ;  the  loss  of  weight 
is  greatest  in  the  muscles,  fat,  skin,  liver,  and  blood.  Of  the 
muscles,  the  great  pectoral  muscles  waste  most.  Death  maybe 
delayed  somewhat  by  artificial  warmth,  but  ultimately  occurs 
from  asthenia,  sometimes  accompanied  by  convulsions. 
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Exchange  of  Material  with  various  Diets, 

The  reasons  why  a  mixed  diet  is  nectsjajty  hi  lained 

tap.  XXVIII).    Numeroiw  experiments,  have,  however,  been  nude  in  the 
ly  of  metabolism  nit  abnormal  dn 

mj  with  tth'ftt. — A*  ilir  Qhief  solid  in  men  I   is  proteid,  "Jt'j  111 -i 

ch  Ditrogon  or  toe  little  carbon.    Th*  principle  thai  underlies 
ting's  in-  tin «|  .if  treating  obesity  Is  to  give  meal  aim 

the  additional  supply  of  carbon  necessary  for  com* 
.-•it  from  hia  own  adipose  tissue,    We  bavt  fdresxij  seen  thai  Itife  cBs^f 
he  ami  often  is  counteracted  by  the  laying  on  of  fai  which  Domes  boa 
-nitrogenous  moiety  of  the  proteid, 

uj  with  ftits — If  un  animal  receives  fat  only,  tin.*  nitrog*  nom  excreta 

"I  from  the  disintegration  of  tisane  without  any  correal Ling 

ranplied    n  exchange  in  the  inml    When  tal  onlj 
fa  given,  or  a  la  n  of  fai  exists  in  the  food,  tile  reapiratory  quotieiil 

falls.  F.  Flofmann  fc--i  a  dog  on  a  mixture  of  I  bvrge  amount  of  fat  ami  a 
.11  amount  of  proteid.  After  death  the  quantity  od  Bal  bond  m  the  body 
-  -ucli  that  only  n  small  part  could  have  been  derived  Prom  the  pmieiil. 
the  greater  amount  being  directly  derived  from  iht-  fat  of  the  food,  She 
animal,  moreover,  lays  on  fat  in  which  nelmftin,  stearin,  and  olein  an 
mixed  in  a definite  proportion  -.  this  proportion  is  often  dinVrrut  in  the  fai 
of  I  In  addition  to  tin-  an  animal  will  I  ug  on  Gal  with 

Its  usual  composition)  on  fatty  food,  such  as  spennaoeti,  which  contains  no 

JWsftaf  tcith  rftrlfiifit/fhutrA. — The  recpiratory  quotkul  approaches  unity 
when  carbohydrates  alone  are  taken.    So  Car  si  regards  nitrogen  the  animal 
tate  of  inanition,  as  when  far  alone  is  taken.    If  gives  m  nflmfltfra- 
lioTi  with  other  foods,  both  carbohydratei  and  fai  ad  as  proteid-api 
foods. 

The  following  table  is  from  Pettenkofer  and  V-m't.  and  illustrate*  what 
happens  in  a  dog  on  a  mixed  die!  of  flesh  and  caiix>hydratea. 


Food. 

Changi*  in  the 

body. 

Fst. 

1 
R 

1 

, 

1 
B 

1 
■ 

1 

41! 
Mi 

|J  : 

e 

r 

3 

|l 

o 

372 

.7 

211 

-»u 

IS 

+  «7 



M 

o 

60S 

— 

as 

I',9! 

-r« 

— 

as 

400 

210 

— 

10 

tio 

+  10 

-  s 

— 

400 

— 

"7 

— 

+     7 

"7 

— 

-*5 

— 

400 

$ 

6 
6 

4»J 

530 

-  30 

s 

+  6 
+  6 

J2 

£ 



181 

— 

m 

-  J7          i»* 

— 

— 

16 

379 

— 

M 

+  19*         379 

+  M 

— 

17a 

— 

4 

1475 

+  *5 

+  4 

— 

43 

379 

— 

10 

1460 

379 

+  10 

— 

112 

1500 

"  1 

»5*» 

+  ia     |        0 

57 

Even  when  the  diet  consisti  wholly  of  carbohydrates  fat  i*  lni<1  on  j  the 
fat  laid  on  when  meal  and  starch  are  boll)  prosmi  in  the  food  conies  pertly 
frnm  the  proteid  and  partly  from  the  carbohydrate-  of  the  food  Winn  no 
carbohydrate  i*  .sjiveu  at   nil,  as  in  the  List  experiment  the   nttaom^ffini 
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metabolism  i*  raised.  Carbohydrate  food  is  thus  when  given  w.ih  tV? 
foods  both  fat-sparing  and  proteid-sparing.  The  fonnation  of  fat  f:.* 
carbohydrates  was  first  observed  in  pigs  by  La  we*  and  Gilbert. and  ha»  *:n« 
been  confirmed  by  numerous  invest igatorw. 

One  of  the  most  important  instances  of  the  carbohydrate  orijhn  -if  fat  i- 
thc  formation  of  bees' -wax. 

Instance-  nf  the  formation  of  fat  from  proteids  are  (^i)  the  layin^mi .? 
fat  in  carnivorous  animals:  (2)  the  formation  of  adipocerc  a  ra-lfr. 
matt-rial  which  forms  in  the  muscles  of  corpses  buried  in  damp  «eil.  «■ 
allowi'il  to  remain  in  water  ;  (3)  the  gradually  increasing  quantity  ..£  fa  fc 

old  cheeses. 

The  mo>t  striking  examples  of  the  formation  of  fai  by  ir.tnurlliUr 
metal*  die  processes  is  seen  in  fatty  degeneration,  and  in  thai  s]wcia!  hiz 
of  this  degeneration  that  occurs  in  the  formation  of  milk.  The  html  it*, 
tains  a  mere  trace  of  fat.  so  milk  formation  is  no  mere  filtration  jjtwc* 
The  food  may,  as  in  the  case  of  cows,  contain  little  or  no  fat. 

Feeding  with  gelatin. — A  diet  containing  gelatin  alone  will  n«it  «G|pin 
life.  This  fact  is  somewhat  remarkable  when  one  considers  the  closely  aliei 
chemical  nature  of  gelatin  and  proteids.  When  jjelat in  alone  is  given  tic 
ImnIv  wastes,  and  the  urea  excreted  is  diminished  as  in  inanition.  If  a 
enormous  amount  of  gelatin  is  given  the  urea  increases.  Gelatin,  bowercr. 
like  curUihydnitt^  ami  fats,  appears  to  be  a  a*  proteid-sparing"  fotLndJ 
given  mixed  with  proteids  seems  to  protect  the  proteids  from  cudatin. 
(Sclatin  can  thus  l>e  substituted  for  a  part  of  the  proteid  in  the  food. 

Feeding  with  "peptone*" — In  the  present  day,  when  artificially  digest 
foods  are  so  mucli  employed,  it  is  of  great  importance  that  their  sutriniv 
value  should  Iki  known.  Here  experimental  and  clinical  evidence  ohbtA 
in  a  most  favourable  way  in  relation  to  their  nutritive  value.  Album** 
and  the  preparations  called  |>eptonc  in  commerce,  which  are  in  lalry 
mainly  albumoscs.  have  the  same  nutritive  value  as  meat. 

Effect  of  Varying  External  Conditions  on  Exchange  of  XateriiL 

Effect  of  iitmoxpht  rir  temperature. — In  warm-blooded  animals  the  tS*r. 
of  a  low  surrounding  tcmi>crature  is  to  increase  kataboli*m,  or  eumtast:* 
in  the  body  ;  the  Ixnly  loses  more  heat,  and  therefore  more  inust  be  prrdaced 
i<»  keep  the  animal's  temperature  within  normal  limits.  The  effect  of  iw 
of  atmospheric  temperature  is  the  reverse.  In  cold-blooded  animak  if. 
aiiimaK  whose  temperature  varies  with  that  of  the  surrounding  atm«>pbrrt 
a  rise  or  fall  of  the  latter  is  accompanied  res|>ectively  with  a  rise  or  ail  of 
combustion  111  the  Univ.  Pembrey  has  shown  that  warm-blooded  aninnk 
in  an  embryonic  condition  are  practically  cold-blooded:  that  k  tlieii 
mctulMiIism.  \*h\y  temperature,  and  the  external  temperature  vary  tfcvcth 
the  one  with  the  others.  "  ' 

Altt  ration*  of  hod 'i/-tenijteniture. — If  the  changes  of  the  external  teintfifr 
ture  are  so  threat  as  to  cause  a  rise  (as  in  steam-baths)  or  a  fall  (**  :c 
liilHM-uatioiO  of  biKly-temperat tire,  the  metabolic  changes  arc  increased  aod 
decreased  respectively  :i>  in  cold-blooded  animals. 

Kfl'irt  of  rcmoral  of  blood  from  the  hinit/. — The  chief  effect  of  a  reicnti! 
•  •I"  blood  from  the  body  is  the  speedy  formation  of  new  bloi*l-c^rpu.H.lft. 
The  intake  of  oxygen  and  discharge  of  carbonic  acid  are  lessened,  ami  rbe 
output  of  urea  is  increased.  The  menstrual  flow  and  cpistaxis  in  strwK. 
hca!th\  people  cause  no  alteration  in  exchange  of  material. 
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Exchange  of  Material  in  Diseases. 

r. — Fever  is  a  condition  in  which  the  temperature  of  the 
body  is  raised  above  the  normal,  and  tb€  degree  to  which  H  is 
raised  is  a  measure  of  the  intensity  ol  the  Febrile  condition,     A 
of  temperature  may  be  produced  either  by  increased  prodno- 
of  heat,  due  to  the  increase  of   kat&bolk  procosscfi  in  the 
body,  or  to  it  diminished  loss  of  heaj  from  the  body.     A  mere 
in  the  production  of  heat  does  no4   necessarily  produce 
fever.     By  administering  an  excess  of  food,  oombustioD  is  inrmrtsod 
in  the  body  ;   hut  in  the  healthy  individual  this  does  not  produce 
arise  of  temperature,  because  pari pa*#n  with  the  in  pro- 

duction, there  is  incn  Similarly,  diminution  in 

loss  of  heat,  such  as  occurs  on  n  hot  as  compared  with  a  cold 
\  does  not  produce  fever,  because  the  production  of  heat 
within  the  body  is  correspondingly  diminished.  In  fever  there  is 
increased  production  of  heat,  as  is  seen  by  the  study  of  exchange 
of  material  ;  the  intake  of  food  is,  as  a  rale,  very  small  :  the 
discharge  of  nitrogen  and  carbon  results  from  iln  dismtegratiorj 
of  tissues,  which,  as  compared  with  that  in  simple  inanition,  IS 
the  tissues  are  said  to  be  in  a  labile  condition,  that  fa, 

they  are  easily  broken   down.      In  most  febrile  states,  the  skin  is 

dry,  the  sweat-glands,  like  most  of  the  secreting  organs  of  the 
body,  being  comparatively  inactive,  and  so  the  discharge  of  heat 
is  lessened.  The  skin  may,  however,  iotnethnea  he  bathed  in 
perspiration,  and  yet  high  fever  be  present.  The  essential  cause 
of  the  high  temperature  is  neither  increased  formation  nor 
diminished  discharge  of  heat)  but  an  interference  with  the  reflex 
mechanism,  which  in  health  operates  so  ;is  to  equalise  the  two. 

Increased  nitrogenous   metabolism    in   fever  has 
iii  pneumonia,  in  pyaemia  and  in  other  febrile  conditiona      Singer 
showed  the  correspondence  in  temperature  and  output  of  nitei 
very  clearly  in  intermittent  fever  (ague), 

What  is  known  as  the  epieritieal  increase  of  urea  is  the  greatly 
increased  secretion  of  urea  that  occurs  at  the  commencement 
of  the  defei  of  a  fever.      It    is  probably  not  due  to  an 

increased  formation  of  urea, but  to  the  removal  of  urea  which  bus 
accumulated,  owing  to  the  fact  that  the  kidneys  have  been  acting 
sluggishly  during  the  height  of  the  fever. 

Increased  output  of  carbonic  acid  also  occurs  in  fever. 

Other  chauges  noted  in  fever  are  a  rapid  loss  of  the  liver 
glycogen,  a  lessening  of  chlorides  in  the  urine,  and  often  an 
increase  of  the  urobilin  in  the  urine. 
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The  following  table  illustrates  exchange  of  material  in  fever. 
no  food  being  taken  : — 


Vi^n^^mtH      Nitn*«i.     CaHxm. 


Expenditure. 
Excretion*.  Nitrogen.    Cuba. 


Proteid.  120    gr. 
Fat.        2057  gr. 


18-6 

00 

18-6 


636 
157*4 


221-0 


Urea     and     uric 
acid,         40  gr. 


Respiration 


espirati 
(OOt), 


780  gr. 


18-6 
0*0 
18-6 


8-3 
2127 

221-0 


This  table  should  be  compared  with  that  at  the  bottom  d 
p.  571. 

DiftUte*  mtUitu*. — In  addition  to  the  presence  of  sugar  in  the 
urine  in  this  disease,  the  most  marked  symptoms  are  intone 
thirst  and  ra venous  hunger.  As  a  rule  diabetic  patients  digest 
their  f<><>d  well.  The  thirst  is  an  indication  of  the  necessity  of 
replacing  the  large  quantities  of  water  lost  by  the  kidneys;  the 
hunger,  that  of  replacing  the  great  waste  of  tissues  that  ooera 
For  not  only  does  the  urine  contain  sugar,  but,  in  addition,  a 
great  excess  of  urea  and  uric  acid.  The  carbonic  acid  output  1 
somewhat  smaller  than  in  health.  In  health  the  carbohydrate, 
after  assimilation,  give  rise,  by  oxidation,  to  carbonic  acid:  ■ 
diabetes,  all  the  carbohydrates  do  not  undergo  this  change,  bit 
pass  as  sugar  into  the  urine.  Not  that  all  the  sugar  of  the  urine 
is  derived  from  carbohydrates,  for  many  diabetics  continue  to  pen 
large  quantities  when  all  carbohydrate  food  is  withheld;  under 
these  circumstances,  it  must  be  derived  from  the  destruction i 
proteid  matter  (see  also  pp.  496,  551). 


Luxus   Consumption. 

In  former  portions  of  this  book  we  have  insisted  on  the  fart 
that  the  food  does  not  undergo  combustion,  or  katabolic  change^ 
until  after  it  is  assimilated,  that  is,  until  after  it  has  become  u 
integral  part  of  the  tissues.  Formerly  the  blood  was  supposed 
to  be  the  seat  of  oxidation  ;  but  the  reasons  why  this  view  is  not 
held  now  have  been  already  given.  When  a  student  is  first  con- 
fronted with  balance-sheets,  representing  metabolic  exchanges,  it 
is  at  first  a  little  difficult  for  him  to  grasp  the  fact,  that  although 
the   amount   of    uitvo^eu  vvwvl  caxton.  vw%<sat«&  is   ecrual  to  the 
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amount  of  the  same  elements  wbiofa  arc  <  liminil' >1,  yet  Mm 
eliminated  carbon  and  hydrogen  are  not  dcrivrd  Gram  the  bod 
direct,    hut    from  oje^   already  funned  ;    1 1 1 * ■    food    beOMBM 

assimilated  and  takes  the  place  of  the  tissues  thus  disintegrated. 
Let  us  suppose  we  have  a  tube  open  at  both  ends  and  tilled  with 
a  row  of  marbles  ;  if  an  extra  marble  is  pushed  In  at  one  end,  a 
marble  falls  out  at  the  other  ;  if  two  marbles  are  introduced 
instead  of  one,  there  is  an  output  of  two  at  the  other  end  ;  if 
a  dozen,  or  any  larger  number  be  substituted,  there  is  always  a 
itorreeponding  exit  of  the  same  number  at  the  other  end  of  the 
tube.  This  very  rough  illustration  may  perhaps  assist  in 
comprehension  of  the  metal 

difficulty  just  alluded  to,  which  a  student  feels,  was  alio 
felt  by  the  physiologists  who  first  studied  metabolism  ;  and  Ynit 
formulated  a  theory,  of  which  the  following  ia  the  gist  :  All  pfD» 
teid  taken  into  the  alimentary  canal  appears  to  affect  proteid 
ta  holism  in  two  ways ;  on  the  one  hand,  it  excites  rapid  dis- 
tegration  of  proteids,  giving  rise  to  an  immediate  inn-ensc  of 
i  ;  on  the  other  hand,  it  serves  to  maintain  tin  ndOfffl  regular 
teid  metabolism  continually  taking  place  in  the  bodvt  and  so 
butes  to  the  normal  regular  discharge  of  urea.  It  hai  U<  n, 
ore,  supposed  that  the  proteid  which  plays  the  Hr*r  of  these 
wo  parts  is  not  really  built  up  into  the  tissues,  doefl  not  hftOQinfl 
iving  tissue,  but  undergoes  the  changes  that  give  rise  to  una. 
somewhere  outside  the  actual  living  substance.     The  proteid* 

;led  into  "  tissue-pro teids/'  which  are  actually  built 
up  int.  i  Living  substance,  and  **  floating  or  circulating  proteids," 
which  are  not  thus  built  up,  but  by  their  metabolism  outside  the 
living  substance  set  free  energy  in  the  form  of  heat  only.  It  was 
at  this  time  erroneously  supposed  that  the  exclusive  use  of  proteid 
food  was  to  supply  proteid  tissue  elements,  and  that  vital  mani- 
festations other  than  heat  had  their  origin  in  proteid  metabolism, 
metabolism  of  fats  and  carbohydrates  giving  rise  to  heat  only. 
Hence,  when  it  was  first  surmised  that  a  certain  proportion  of 
proteids  underwent  metabolism,  which  gave  rise  to  heat  only,  this 
appeared  to  be  a  wasteful  expenditure  of  precious  materia],  and 
the  metabolism  of  this  portion  of  food  was  spoken  of  as  a  "  luxus 
consumption/' a  wasteful  consumption.  There  were  many  deduc- 
tions from  this  general  theory  to  explain  particular  points;  of 
these  two  may  be  mentioned:  (r)  In  inanition,  the  urea  dis- 
charged for  the  first  few  days  is  much  greater  than  it  is  subse- 
piently  :  this  was  supposed  to  be  due  to  the  fact  that  in  the  first 
ew  days  all  the  floating  capital  was  consumed  ;  (*)  the  effect 
>f  feeding  with  a  mixture  of  gelatin  and  proteid  was  supposed  to 
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l>e  duo  to  the  fact  that  gelatin  was   able   to  replace  "floating 
proteid,"  but  not  "  tissue  proteid." 

This  theory  of  Voit's,  ingenious  and  plausible  at  first  sigfat, 
has  met  with  but  little  general  acceptance,  because  so  many 
observed  facts  are  incompatible  with  it. 

Professor  Michael  Foster  writes  as  follows  :  "  The  evidence  v« 
have  tends  to  show  that  iu  muscle  (taking  it  as  an  instance  of 
a  tissue)  there  exists  a  framework  of  what  we  may  call  more 
distinctly  living  substance,  whose  metabolism,  though  high  in 
quality,  does  not  give  rise  to  massive  discharges  of  energy,  and 
that  the  interstices,  so  to  speak,  of  this  framework  are  occupied 
by  various  kinds  of  material  related  in  different  degrees  to  this 
framework,  and  therefore  deserving  to  be  spoken  of  as  more  or 
less  living,  the  chief  part  of  the  energy  set  free  coming  directly 
from  the  metabolism  of  some  or  other  of  this  material  Both 
framework  and  intercalated  material  undergo  metabolism,  and 
have  in  different  degrees  their  anabolic  and  katabolic  changes; 
both  are  concerned  in  the  life  of  the  organism,  but  one  more 
directly  than  the  other.  We  can,  moreover,  recognise  no  sharp 
break  between  the  intercalated  material  and  the  lymph  which 
bathes  it ;  hence  such  phrases  as  '  tissue  proteid  '  and  '  floating 
proteid  '  are  undesirable  if  they  are  understood  to  imply  a  sharp 
line  of  demarcation  between  the  '  tissue '  and  the  Wood  or 
lymph,  though  useful  as  indicating  two  different  lines  or  degrees 
of  metabolism." 

Professor  Burdon-Sanderson  writes  as  follows  :  "  The  production 
of  urea  and  other  nitrogenous  metabolites  is  exclusively  a  func- 
tion of  *  living  material ' ;  and  this  process  is  carried  on  in  the 
organism  with  an  activity  which  is  dependent  on  the  activity 
of  the  living  substance  itself,  and  on  the  quantity  of  material 
supplied  to  it.  No  evidence  at  present  exists  in  favour  of  a 
1  luxus  consumption  '  of  proteid." 

Professor  Hoppe-Seyler,  after  stating  that  he  can  make  out  no 
clear  distinction  between  the  two  varieties  of  proteid  from  Voit's 
own  writings,  proceeds  as  follows :  "  Voit  states  that  the  circu- 
lating proteid  is  no  other  than  that  which  is  dissolved  in  the  tissue 
juice,  which  is  derived  from  the  lymph-stream,  and  ultimately 
from  the  circulating  blood.  He  (Voit)  further  says  :  'As  soon  a* 
the  proteid  of  the  blood-plasma  leaves  the  blood-vessels,  and  circu- 
lates among  the  tissue  elements  themselves,  it  is  then  the  proteid 
of  the  nutrient  fluid  or  circulating  proteid.  It  is  no  longer  proteid 
of  the  blood-plasma,  nor  yet  is  it  the  proteid  of  the  lymph-stream.' 
The  place  where  Voit  situates  his  circulating  proteid  is  beyond 
the  ken  of  the  anatomist ;  it  is  in  a  mysterious  space  between 
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tissue-elements,  blood-vessels,  and  ly mph- vessels ;  the  chemist 
meets  with  equal  difficulties,  as  there  is  apparently  no  chemical 
difference  between  tissue  proteid  and  circulating  proteid.  I  can, 
therefore,  arrive  at  no  other  conclusion  than  that  these  terms 
are  not  only  useless,  but  unscientific,  and  are  the  outcome  of 
speculations  in  a  region  where  there  is  as  yet  no  positive  know- 
ledge. These  criticisms  on  Voit's  theories  do  not,  however, 
by  any  means,  lessen  the  importance  and  high  value  of  the 
immense  amount  of  practical  research  carried  on  by  Voit  and 
his  pupils." 

I  have  placed  Professor  Foster's  view  first  because  it  takes  into 
account  certain  facts  which  tend  to  show  that  there  are  degrees 
in  metabolism.  The  most  important  of  these  is  the  formation 
of  amido-acids  in  the  intestine.  It  is  an  undoubted  fact  that 
by  feeding  an  animal  on  leucine  and  other  amido-acids,  the 
urea  is  increased.  This  transformation  of  leucine  into  urea 
occurs  in  the  liver.  It  can  hardly  be  supposed  that  leucine 
becomes  to  any  great  extent  an  integral  part  of  the  living  frame- 
work of  the  liver  cells,  but  like  other  extractives,  and  like 
aromatic  compounds  absorbed  from  the  alimentary  canal,  it 
becomes  a  j>art  of  what  Foster  terms  the  intercalated  material. 
Here  it  undergoes  the  final  change,  and  is  ultimately  and 
apparently  very  rapidly  discharged  in  the  urine.  Dr.  Sheridan 
Lea  discussing  the  probable  role  of  the  amido-acids  in  the  animal 
economy,  compares  it  to  the  part  played  by  the  salts  of  the  food. 
Neither  salts  nor  extractives  simply  pass  into  the  urine  without 
fulfilling  a  useful  purpose  on  their  way  ;  but  the  exact  and 
specific  use  of  each,  whether  on  the  synthetic  or  analytic 
side  of  metabolic  phenomena,  must  be  the  subject  of  renewed 
research. 


CHAPTER    XL. 

ANIMAL   HEAT. 


Among  the  most  important  results  of  the  chemical  processes 
we  sum  up  under  the  term  metabolism,  is  the  production  of  heat. 
Heat,  like  mechanical  motion,  is  the  result  of  the  katabolic  side 
of  metabolic  processes ;  the  result,  or  accompaniment,  that  is  to 
say,  of  the  formation  of  carbonic  acid,  water,  urea,  and  other 
excreted  products. 

y  *  1 
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As  regards  temperature,  animals  may  be  divided  into  two 
great  classes : — 

(i)  Warm-blooded  or  homoiothermal  animals,  or  those  which 
have  an  almost  constant  temperature.  This  class  includes 
mammals  and  birds. 

(2)  Cold-blooded  or  poikUothermal  animals,  or  those  who* 
temperature  varies  with  that  of  the  surrounding  medium,  being, 
always,  however,  a  degree,  or  a  fraction  of  a  degree,  above  that 
of  the  medium.  This  class  includes  reptiles,  amphibians,  fish, 
probably  most  invertebrates,  and  embryonic  birds  and  mammals. 

The  temperature  of  a  man  in  health  varies  but  slightly,  being 
between  36*5:  and  3750  C.  (980  to  990  F.).  Most  mammal* 
have  approximately  the  same  temperature  :  horse,  donkey,  ax. 
37  5 :  to  380;  dog,  cat,  38-5°  to  390 ;  sheep,  rabbit,  38;  to 
39*5:  ;  mouse,  400  C.  Birds  have  a  higher  temperature,  about 
42:;  C.  The  temperature  varies  a  little  in  different  parts  of  the 
body,  that  of  the  interior  being  greater  than  that  of  the  surface; 
the  blood  coming  from  the  liver  where  chemical  changes  are  very 
active  is  wanner  than  that  of  the  general  circulation ;  the  Wood 
becomes  rather  cooler  in  its  passage  through  the  lungs. 

The  temperature  also  shows  slight  diurnal  variations,  reaching 
a  maximum  al>out  3  r.M.  (37*5°  C.)  and  a  minimum  about  3  i.1. 
(36-8°  <_\)  :  that  is,  at  a  time  when  the  functions  of  the  body 
are  least  active.  If,  however,  the  habits  of  a  man  be  altered, and 
he  sleeps  in  the  day,  working  during  the  night,  the  times  of  the 
maximum  and  minimum  temperatures  are  also  inverted.  Inani- 
tion causes  the  temperature  to  fall,  and  just  at  the  onset  of  death 
may  be  below  30°  0.  Active  muscular  exercise  raises  the  tem- 
perature temporarily  by  about  0*5°  to  i°C.  Diseases  may  cause 
the  temperature  to  vary  considerably,  especially  those  which  we 
term  febrile  (see  p.  575). 

Although  certain  mechanical  actions,  such  as  friction,  due  to 
movements  of  various  kinds,  may  contribute  a  minute  share  in 
the  production  of  heat  in  the  body,  yet  we  have  no  knowledge 
as  to  the  actual  amount  thus  generated.  The  great  source  of 
heat  is,  as  already  stated,  chemical  action,  especially  oxidation. 
Any  given  oxidation  will  always  produce  the  same  amount  of 
heat.  Thus,  if  we  oxidise  a  gramme  of  carbon,  a  known  amount 
of  heat  is  produced,  whether  the  element  be  free  or  in  a  chemical 
compound.  The  following  figures  show  the  approximate  number 
of  heat-units  produced  by  the  combustion  of  one  gramme  of  the 
following  substances.  A  heat-unit,  or  calorie,  is  the  amount 
of  heat  necessary  to  raise  the  temperature  of  one  gramme  of 
water  1  :  C.  : — 
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Hydrogen    ....  5450             Fat 

Carbon 8100  !       Cane  sugar 

Urea 2205             Starch 

Albumin                            .     .  4998  1 


9069 

If 


It  is,  however,  most  important  to  remember  that  the  "  physio- 
logical heat- value  "  of  a  food  may  be  different  from  the  "  physical 
heat- value,"  i.e.,  the  amount  of  heat  produced  by  combustion  in 
the  body  may  be  different  from  that  produced  when  the  same 
amount  of  the  same  food  is  burnt  in  a  calorimeter.  This  is 
especially  the  case  with  the  proteids,  because  they  do  not  undergo 
complete  combustion  in  the  body,  for  each  gramme  of  proteid 
yields  a  third  of  a  gramme  of  urea,  which  has  a  considerable  heat- 
value  of  its  own.  Thus  albumin,  which,  by  complete  combustion, 
yields  4998  heat-units,  has  a  physiological  heat-value  =  4998 
minus  one-third  of  the  heat-value  of  urea  (2 205)  =  4998  —  735  = 
4263. 

Of  the  heat  produced  in  the  lnxly,  it  is  estimated  by  Helmholtz 
that  about  7  per  cent,  is  represented  by  extenial  mechanical 
work,  and  that  of  the  remainder  about  four-fifths  are  discharged 
by  radiation  and  evaporation  from  the  skin,  and  the  remaining 
fifth  by  the  lungs  and  excreta. 

The  following  table  exhibits  the  relation  between  the  produc- 
tion and  discharge  of  heat  in  twenty-four  hours  in  the  human 
organism  at  rest,  estimated  in  calories.*  The  table  conveniently 
takes  the  form  of  a  balance-sheet  in  which  production  and  dis- 
charge of  heat  are  compared ;  to  keep  the  body-temperature 
normal  these  must  be  equal.  The  basis  of  the  table  in  the  left- 
hand  (income)  side  is  the  same  as  Ranke's  adequate  diet  (see 
p.  569)  :— 


Production  of  heat. 

Consumption  of  Calories. 

Proteid  ( 100  gr.)  100  x  4263  =  426,300 

Fat  ( 100  gr.)    .  100  x  9069  =  906,900 

Carbohydrates 

(250  gr.)       .  250  x  3898  =  974?5«> 


2,307,700 


Discharge  of  heat. 

Calories. 
Warming  water  in  food, 

26  kilos,  x 250  C.  =      65,000 
Warming  air  in  respiration, 

16  kilos,  x  25  x  0*24  =      96,000 
Evaporation  in  lungs, 

630  gr.  x  582  =    366,660 
Radiation  and   evapora- 
tion at  surface.        .     =  1,780,040 


2,307,700 


*  The  calorie  we  are  taking  is  sometimes  called  the  small  calorie ;  by 
some  the  word  calorie  is  used  to  denote  the  amount  of  heat  necessary  to 
raise  one  kilogramme  of  water  1°  C* 
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The  ri*ure-  under  the  heading  Production  are  obtained  k 
multiply  in.'  the  weight  of  food  by  its  physiological  heat-value. 
Th..  rii.Mir._-  -»ii  the  tether  aide  of  the  lialance-sheet  are  obtained^ 
follow  :  The  water  in  the  food  is  reckoned  as  weighing  26  kita 
ThU  U  «up!*«ied  to  1*  at  the  temperature  of  the  air  taken  *> 
1  2  •  r.  :  it  ha*  to  Ije  raised  to  the  temperature  of  the  body,  37-  Vm 
that  U.  through  25 :  r.  Hence  the  weight  of  water  multiplied  k 
25  givvn  thv  iiuiiilier  of  calories  expended  in  heating  it.  Tl* 
weight  i»f  air  i>  taken  as  weighing  16  kilos.  ;  this  also  has  t<il* 
raUed  25-  <\.  un<l  *>  to  lie  multiplied  by  25  :  it  lias  further  u> 
l»e  multiplied  by  the  relative  heat  of  air  (0-24).  The  63c 
gramme*  of  water  evaporated  in  the  lungs  must  l>e  multiplied 
by  the  potential  or  latent  heat  of  steam  at  37^  (\  (582) ;  the 
portion  of  heat  lost  by  radiation  and  evaporation  from  the  skin 
constitute*  about  four-fifths  of  the  whole,  and  is  obtained  l»y 
deducting  the  three  previous  amounts  from  the  total.  This  Uldr 
does  nc»t  take  into  account  the  small  quantities  of  heat  last  with 
urine  and  fseces. 

It  need  hap  11  v  lie  remarked  that  the  above  is  a  mere  illustn- 
tive  experiment,  Changes  in  the  diet,  in  the  atmospheric  tem- 
perature, in  the  temperature  of  the  food  taken,  in  the  actintr 
of  the  sweat-glands,  in  the  amount  of  moisture  in  the  atmosphere, 
and  in  the  amount  of  work  done  would  considerably  alter  xhc 
above  figures. 

('nlorimttrt/. — Calorimeters  employed  in  chemical  operatic** 
are  not  suitable  for  exjieriments  on  living  animals.  An  animal 
surrounded  by  ice  or  mercury,  the  melting  and  expansion  of  which 
respectively  are  measures  of  the  amount  of  heat  evolved,  would  fo- 
under such  abnormal  conditions  that  the  results  would  be  valuele*. 

The  apparatus  often  employed  is  the  water  calorimeter.  Thi> 
was  first  used  by  Lavoisier,  and  his  apparatus  as  modified  by 
Dulong  is  shown  in  tig.  434.  The  animal  is  placed  in  a  metal 
cliamlier,  surrounded  by  a  water-jacket.  There  are  also  tithe*  for 
the  entrance  and  exit  of  the  iuspired  and  expired  gases  respec- 
tively. The  heat  given  out  by  the  animal  warms  the  water  in 
the  jacket,  and  is  measured  by  the  rise  of  temj>erature  observed 
in  the  water,  of  which  the  volume  is  also  known.  The  air  which 
pasM.s  out  from  the  chamber  goes  through  a  long  spiral  tube, 
passing  through  the  water-jacket,  and  thus  the  beat  is  attracted 
from  it  and  not  lost. 

Air  calorimeters  are  now,  however,  generally  used.  Fig.  435 
is  an  outline  sketeh  of  the  one  which  has  been  most  used  in  this 
country. 

It    consists  oi   Iwo   \>Yvivrv>ivi\\    *a\\yv\»cc   Owesw^sc**  v&»&!&.  v^^^ss^ 
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copper.     Knrli  obatnber  has  two  walla  between  which  lean 
apeee ;  lad  the  outer  is  covered  by  a  thick  omud|  of  felt  (F) 
prevent   BttOteaft&OlM  ill  the  temperature  Of  the  surroundings 


Dtttong*!  ealarfm  iimtttT,  aunakAbkg  of  ■  -id  watw  in 

which  tin  r  I  no  nNr  holding  the  nninml  i->  planed  :  ti',  -  an  which  nir  \»  «*- 

pelled  by  a  stream  of  water.    The  air  en  tern  the  respiratory  chamber*     O,  gasometer 

ing  the  «****  of  expiration  anil  the  ezcem  c*f  air.     t,  t\  therm  on 
wh..t  1 01  ngituting  the  water.     n|i*rrrf  rl«-'  -i>  In- n -tul.-  OB  the  Ml    i-  rnu- l»  t  w  s-t-  - 1 
in  the  water -i-huniWr.  M    M   U)   gfal  "If   it-*  heat   to  the  imrTwunding  Wr*' 
MrKendHr  k'n  *'  Physiology.") 

jui    sffeothig   the  air  in    the   aip-epaoe.     The  ehamben    •-<><■ 

Hide  perfectly  air-titrht,  except ■  fnr  the  ventilating  tubes  A  A,  A'  A  . 

means  of  these,  the  chambers  arc  HI  led  with  perfectly  dry  air 


A  TA  A' 

Fig.  4  ;  \uv-U-\  0l  llidtUne,  Hale  Whit"  and  Wubl 


before  the  experitaenl   Lb  c menoed.     Leading  from  each  air- 
space is  a  tube  ;   the  tvvn  tubes  arc  connccti-d  to  the  tWO  limbs  of 
a  manometer  (M)  sbaped  as  in  the  Bgure,  and  containing  oil  of 
rom 
The  action  i>/+  the  caJorimeter  ia  as  follow* * — \\\  oas  doasitasti 
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the  auimal,  the  heat  production  of  which  is  to  be  ascertained,  u 
placed  within  the  cage  C.  In  the  other,  hydrogen  is  burnt  «H». 
Both  chambers  are  shut,  the  tubes  AA,  A'A'  being  climpei 
The  heat  given  off  from  the  animal  warms  its  chamber,  and  thus 
increases  the  pressure  of  the  air  in  the  air-space  between  the  tio 
copper  walls  of  the  chamber.  This  would  lead  to  movement  of 
the  fluid  in  the  manometer,  but  that  the  heat  given  off  by  the 
burning  of  the  hydrogen  increases  at  the  same  time  the  prawne 
in  the  air-space  l>etween  the  walls  of  its  chamber.  This  latter 
increase  of  pressure  tends  to  make  the  fluid  in  the  nianomm 
move  in  the  other  direction.  If  the  fluid  in  the  manometer 
remains  stationary,  the  amount  of  heat  given  off  by  the  animal  is 
equal  to  that  produced  by  the  burning  hydrogen  :  and  during  an 
experiment  the  fluid  in  the  manometer  is  kept  stationary  k 
turning  the  hydrogen  flame  up  and  down.  The  amount  of 
hydrogen  burnt  is  estimated  by  the  amount  of  water  formed,  ud 
the  heat  of  combustion  of  hydrogen  being  known,  it  is  perfectly 
easy  to  calculate  the  calories  produced,  which  equal  those  gma 
ofl*  bv  the  animal. 


Regulation   of  the   Temperature    of  Warm-blooded 
Animals. 

We  have  seen  that  heat  is  produced  by  combustion  processes, 
and  lost  in  various  ways.  In  order  to  maintain  a  norm! 
temperature,  both  sides  of  the  balance-sheet  must  be  equal.  Thi 
equalisation  may  be  produced  by  the  production  of  heat,  adapting 
itself  to  variations  in  discharge,  or  by  the  discharge  of  hew 
adapting  itself  to  variations  in  production,  or  lastly,  and  mora 
probably,  both  sets  of  processes  may  adapt  themselves  mutually 
to  one  another.  We  have,  therefore,  to  consider  (i)  regulation 
by  variations  in  loss  and  (2)  regulation  by  variations  in  pro- 
duction. 

Rujuhttitni  fti/  Variations  in  Loss, — The  two  means  of  loss 
susceptible  of  any  amount  of  variation  are  the  lungs  and  the  skin. 
The  more  air  that  passes  in  and  out  of  the  lungs,  the  greater  will 
be  the  loss  in  warming  the  expired  air  and  in  evaporating  the 
water  of  respiration.  In  such  animals  as  the  dog,  which  perspire 
but  little,  respiration  is  a  most  important  means  of  regulating  the 
temperature  ;  and  in  these  animals  a  close  connection  is  observed 
between  the  production  of  heat  and  the  respiratory  act  ivitv.  The 
panting  of  a  dog  when  overheated  is  a  familiar  instance  of  this. 
A  dog  also,  under  the  same  circumstances,  puts  out  its  tongue, 
and  loses  heat  ko\v\  \\\fc  ^vopovvsAJum  \>aaX  <xwsx&  Vessel  \»>  <«k&n*~ 
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ae  great  regulator,  however,  is  undoubtedly  the  skin,  and  this 

a  double  action.      In  the  first  place,  it  regulates  the  loss  of 

%t   by    its    vaso- motor    mechanism  ;    the    more    blood    passing 

urough  the  skin,  the  greater  will  be  the  loss  of  heat   by  0OH- 

notion,  radiation,  and  evajjoratiom      Conversely,  the  loss  of  heat 

diminished  by  anything  that  lessens  tin-  amount  of  blood  in  the 

tin,  such  as  constriction  of  the  cutaneous*  rewotaj  or  dilatation  oi 

le  splanchnic  vascular  area.    In  the  second  place,  the  special  nerves 

the   sweat-glands  are  called   into  action.      Familiar  instances 

the  combined  action  of  these  two  sets  of  nerves  are  the  redden- 

tig  of  the  skin  and  sweating  that  occurs  after  severe  exercise,  on 

hot  day,  or  in  a  hot -air  or  vapour  bath,  ami    the  pallor  of  the 

tin   and  absence  of  sensible  perspiration   on  the  application  of 

>ld  to  the  body. 

Regulation  by  Variations  in  Production. — The  rate  of  produc- 
ion  of  heat  in  a  living  body,  as  determined  by  «a]ornuetryT 
iepeuds  on  a  variety  of  circumstances,  It  varies  in  different 
inds  of  animals.  The  general  rate  of  kataboltai  of  a  man  is 
reater  than  that  of  a  dog,  and  of  a  o  -  greater  than  that  of  a 
ibbit,  Probably  ev»  rv  species  has  i  specific  coetiicioift,  and 
every  individual  a  personal  coefficient  of  heat  production,  which 
the  expression  of  the  inborn  qualities  proper  to  the  living 
instance  of  the  species  and  individual  Another  factor  is  the 
^portion  of  the  bulk  of  the  animal  to  its  surface  an  i,  the 
uggle  for  existence  raising  the  specific  coefficient  of  the  animals 
which  the  ratio  is  high.  Other  important  rii-i. I  rations  are 
tie  relation  of  the  intake  of  food  to  metabolic  processes,  and  the 
loimt  of  muscular  work  which  is  performed.  These  various 
ifluences  are  themselves  regulated  by  the  nervous  system,  and 
bysiologists  have  long  suspected  that  afferent  impulses  arising  in 
le  skin  or  elsewhere  may,  through  the  central  nervous  Mstem, 
originate  efferent  impulses,  the  effect  of  which  would  be  Id 
increase  or  diminish  the  metabolism  of  the  muscles  and  other 
organs,  and  by  that  means  increase  or  diminish  respectively  the 
amount  of  heat  there  generated.  That  such  a  metabolic-  OT 
thermogenic  nervous  mechanism  docs  exist  in  warm-blooded 
animals  is  supported  by  the  following  experimental  evidence  :— 

(t)  Though  in  cold-blooded  animals,  a  rise  or  fall  of  the 
surrounding  temperature  causes  respectively  a  rise  and  fall  of  their 
metabolic  activity,  in  a  warm-blooded  animal  the  effect  is  just  the 
reverse.  Warmth  from  the  exterior  demands  a  diminished  pro- 
duction  of  heat  in  the  interior,  and  rift  t>rrsdt  For  exeeptioi 
see  p.  574. 

(2)  That  this  is  due  to  a  reflex  nervous  Vm\>\x\se  Y*  ^x\\yi^\je& 
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by  the  fact  that  a  warm-blooded  animal,  when  poisoned  by  curat 
no  longer  manifest*  its  normal  behaviour  to  external  heat  aud  cold, 
but  is  affected  in  the  same  way  as  a  cold-blooded  animal.  Section 
of  the  medulla  produces  the  same  effects,  as  the  nerve-chmneh, 
by  which  the  impulses  travel,  are  severed.  When  curare  is  given, 
the  reflex  chain  is  broken  at  its  muscular  end,  the  poison  exerting 
its  influence  on  the  end-plates,  and  causing  a  diminution  of  the 
chemical  tonus  of  the  muscles.  The  centre  of  this  thermoUik 
reflex  mechanism  must  be  situated  somewhere  above  the  spinal 
cord  ;  according  to  some  observers,  in  the  neighbourhood  of  the 
optic  thalamus. 

(3)  Various  injuries  caused  by  accident,  or  purposely  produced 
by  puncture,  or  cautery,  or  electrical  stimulation  of  limited 
|>ortions  of  the  more  central  portions  of  the  brain,  may  give  rise 
to  great  increase  of  temperature,  not  accompanied  by  other 
marked  symptoms. 

We  thus  see  that  the  nervous  system  is  intimately  associated 
with  the  regulation  of  the  temperature  of  the  body.  There  is  it 
least  one — there  may  be  several  centres  associated  in  this  action. 
The  centres  receive  afferent  impulses  from  without;  they  send  out 
efferent  impulses  by  at  least  three  sets  of  nerves  :  (1)  the  two- 
motor  nerves,  (2)  the  secretory  nerves  of  the  sweat-glands.  (3) 
trophic  or  nutritional  nerves.  The  first  two  sets  of  nerves,  the 
vasomotor  and  the  secretory,  affect  the  regulation  of  temperature 
on  the  side  of  discharge  ;  the  third  set  on  the  side  of  production. 


CHAPTER    XLI. 

THE  CENTRAL  NERVOUS  SVSTEM. 

\\  k  already  know  sufficient  from  our  preliminary  studv  of 
nerve-eeutres  to  Ik-  aware  that  the  cent  rid  nervous  j>ystem  i> 
divided  into  the  two  main  parts  called  the  brain  and  spinal  e^rl 
We  now  return  to  the  subject,  and  must  enter  into  the  somewhat 
i-omplieated  details  of  tin*  construction  and  mode  of  action  «»t 
these  parts. 

Kill.  ls;o  showx  tlu-  general  arrangement  of  the  eerebm-.>pinal 
a\w,  and  mmiio  anatomical  details  concerning  the  membranes  t tat 
envelope  l\\c  Wa\\\  -a\w\  \>»w\  wyan  Wxvi  ^v^^\^vfc^\*^**&j^i. 
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Membranes  of  the  Brain  and  Spinal  Cord.— Tl  10  Itmin  and 
fin'  t-tivelMpeil    m    three  inumbrnne; — M  )   the  Iiura  Mat  CI, 


(j)  the   I'm 


later. 

(1)  The  Dun*  Mater, 

a  tough  membrane 

of     1 d 

which 
at  variouK  angles, 
ttd  in  n  h.,,,.  interstices 
bran ch e<  I  a  > n n ec t  i  v e  - 
tissue  eorpuscles  lie  :  it 
lined  by  a  thin 
abrane.  on  rlu  toner 
ace  of  which  fa  ;, 
ayer      ol     endothelial 

(2)  Tin.'  Artiihtii>ti]  i> 
acta    more   delicate 

mem  bran  <  milar 

in  itructure  to  the  dura 
ter,  and  lined  on  i t -^ 
ei  01  free  surface  bj 
mi  Befo- 

re1. 

(3)  The    Pi*     \f<,t<r 
of     two     chief 

between  which 
numerous  blood-vessels 
ramify.  Between  the 
arachnoid  and  pia  mater 
is  a  network  q|  (i- 
brous-tissue  trabecule 
beat  bed  with  endotbe- 
liaJ cells  :  these  snb- 
iractnioid  trabecuhe 
divide  u|>  the  sub-iir 
boW  space  Into  a  nmin- 
ol  irregular  sinuses. 
There  are  some  similar 
trabecuhe,  but  much 
ewer  in  number,  (ra- 
the sub-tlural 
tin  space 
&ween  the  dura  mater 
itid  arachnoid. 


IT-  4J6.— View  «f  the  ecrtv 
bru-ajitafa  1 
scrvona  sjrttew.  'flip 
tight  half  «  Eh*  cranium 
and  bunk  nf  tin-  Wh 
hftn  been  removed  hy  n 
vertiua)  uoatfam  \  (b 
-1  tin'  bmiii 
and  spinal  curd  have  nl^j  1 


Spinal 

(2)    I be 


'. 


!  \*mity  ■ 


-\—  1 


, 


.-• *»-tl.  4iivl  the  root*  .iti-1  rit  -r  |..n  f  ..1  tlii   Bflhand 

ninth  ir.tniiil,  and  uf  u]|  t|M-  Niiin.i]  nri\«-  "I"  On-  h^hl  «dt\  havt   heen  difnecfc 

and  Is  id  innately  on  the  mu]  nl  the  skull  and  on  the  several  wrttAaworooriteta 

the  phirr  ,,f  thrir  nntmvi  * •xit  from  the  1 nmio-sjiiunl  1 -.ivitv        Mtef  Bous 


sss 


from    tbt?    Mib-ar 
trabecule  which  project  throng! 

noida]  s|*ace  through  tin  Entei  I  of  these  villous  outgrowths. 

In  the 
tiding  nervous  action  18  j    U  CttOQ   with  circulation,  rapt* 

lis,  etc-,  the  way  in  whi< 
regulated  by  i 
Amount  of   s|,  une   ol  the    Facta    I 1. 

light   if  tin 
turns  back  to  them  and  studies  them   once  man    after  be li 

grasped    what    we  -usuler    in     the    chapt 

follow  tli  iiology  of  the  contra]  nervous 

It  would  also  be  advisal  .]-  ■ 

li<  should  once  more  read  Chap.  XVIL  on  i 
to   refresh   his  memory  concerning  the-   elemental] 
mental  problems  in  relation  t<»  m  wjm 
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STRUCTURE    OF    THE    SPINAL     CORD. 

The  spinal    con!    is  a     column  of  nerve-substance 
above  with  the  brain   through    the  medium   of   the  bulb,  ud 
situated  in  the  spinal   canal.      In  tr  (felon  it  is  aJMllJ 

ni.-i 1 1  lv  circular,  but  the  cord  is  not  of   the 
its  course.      It    exhibits   tw<  nne    in    the 

the  other  in  the  lumbar  region.     Th  the  situs! 

the   large  nerves  for  the  supply  of   the    Hmlis    issue.      T 
terminates  below,  about   the  lower   border  of  the   I 
vertebra,  in  a    slender    filament    of    gri  ,j  &/» 

which   lies  in  the  midst  of  the  roots 
forming  the  cauda  equina. 

It   is  composed  of  grey  and  white  matter;  the  whiU 
situated   externally,  and  constitutes  its  chief   portion  ;  the  gwi 
matter  is  in  the  interior,  and  is  so  arranged  that  in  a  tntnarcne 
section  o!  tne  cord  \v  w.\i\>evvv^  Yta  \,hw*  <sraej&g&a&  ^»&> 
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horns  of  each  of  which  are  called  respectively  the  anterior  and 
posterior  oomua)  connected  together  by  a  narrower  portion  or 
isthmus,  called  the  posterior  commissure  (fig.  437)*  Paanog 
through  the  centre  of  this  isthmus  in  a  longitudinal  direction  is 
a  minute  canal  ;  in  a  transverse  Motion  it  appears  as  a  hole  ;  this 
tral  canal  of  the  spinal  cord  is  continued  throughout  its  entire 
length,  and  opens  above  into  the  space  at  the  back  of  the 
medulla  oblongata   and    puis  Varolii,  called   the   fourth  ventricle. 


Fig.  4 .j 7,— Different  views  of  a  portion  of  the  spinal  cord  from  the  cervical  region,  with  the 
root*  of  the  ncxros  ( align  tljr  enlarged).    In  a  f  the  anterior  surface  at  the  specimen  ia 
shown :  the  anterior  nerve-root  of  ita  right  aide  ia  divided ;  in  b,  a  view  of  the 
right  aide  is  given ;  in  et  the  upper  surface  ia  shown  ;  in  n,  the  nerve-root*  and 
'*~i  are  -.hewn  from  below,      i,  the  anterior  median  assure  ;    2,  posterior  median 
.    j,  anterior  lateral  depression,  over  which  the  anterior  nerve-roots  are  seen  to 
1 ;  4,  posterior  lateral  groove,  into  which  (ho  posterior  roots  are  seen  to  aink ; 
anterior  roots  passing  the  ganglion;    V.  in  a*  the  anterior  root  divided;   6,  the 
—♦erior  roota,  the  fibres  of  whirb  pass  into  the  ganglion  6' ;   7*  the  united  OK  DOB* 
id  nerve ;  7',  the  posterior  primary  branch,  seen  in  a  and  0  to  be  derived  in  part 
1  tta -■  .fciiT-.-i-i.-r  and  ia  pari  from  tin  poUatta  root,    [nThtn  Tnnimrn  j 

It    is   lined   by  u   layer  of   columnar  ciliated   epithelium,  and 
contains  a  fluid  called  cere&ro-Bptnal  fluid* 

The  spinal  cord  consists  of  two  symmetrical  halves,  separated 
anteriorly  and  posteriorly  by  vertical  fimmm  (the  posterior 
fissure  being  deeper,  hut  less  wide  and  distinct  than  the 
anterior),  and  united  in  the  middle  by  nervous  matter  which  is 
usually  described  as  forming  two  comunssures^au  anterior  com* 
missure  in   front  of  the  central  canal ,  consisting  of  medullated 
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nerve-fibres,  and  a  posterior  commissure  behind  the  central  anal 
consisting  also  of  medullated  nerve-fibres,  but  with  more  neuroglia, 
which  gives  the  grey  aspect  to  this  commissure  (fig.  437,  b). 
Each  half  of  the  spinal  cord  is  marked  on  the  sides  (obscurely  at 
the  lower  part,  but  distinctly  above)  by  two  longitudinal  farrow* 
which  divide  it  into  three  portions,  columns,  or  tracts,  an  anterior. 
lateral*  and  postervyr.  From  the  groove  between  the  anteriorand 
lateral  columns  spring  the  anterior  root*  of  the  spinal  nero 
(fig.  437,  b  and  r,  5) :  and  just  in  front  of  the  groove  between  the 
lateral  and  posterior  column  arise  the  posterior  roots  of  the  sunt 
(b,  6) :  a  pair  of  roots  on  each  side  corresponds  to  each  vertebra. 

White  matter. — The  white  matter  of  the  cord  is  made  up  of 
medullated  nerve-fibres,  of  different  sizes,  and  arranged  longitude 
nally,  and  of  a  supporting  material  of  two  kinds,  viz. : — (a)  ordi- 
nary  fibrous  connective-tissue  with  elastic  fibres,  which  is  con- 
nected with  septa  from  the  pia  mater  which  pass  into  the  coid 
to  carry  the  blood-vessels,  (b)  Neuroglia  ;  the  processes  of  the 
neuroglia-cells  are  arranged  so  as  to  support  the  nerve-fibres 
which  arc  without  the  usual  external  nerve  sheaths. 

The  general  rule  respecting  the  size  of  different  parts  of  the 
cord  is,  that  each  part  is  in  direct  proportion  to  the  size  and 
number  of  nerve-roots  given  off  from  it.  Thus  the  cord  is  tat 
large  in  the  middle  and  lower  part  of  its  cervical  portion,  whence 
arise  the  large  nerve-roots  for  the  formation  of  the  brachial 
plexuses  and  the  supply  of  the  upper  extremities ;  it  again 
enlarges  at  the  lowest  part  of  its  dorsal  portion  and  the  upper 
part  of  its  lumbar,  at  the  origins  of  the  large  nerves  which, 
after  forming  the  lumbar  and  sacral  plexuses,  are  distributed  to 
the  lower  extremities.  The  chief  cause  of  the  greater  sue  at 
these  parts  of  the  spinal  cord  is  increase  in  the  quantity  of  grey 
matter ;  the  white  part  of  the  cord  (especially  the  lateral  columns) 
becomes  gradually  and  progressively  smaller  from  above  down- 
wards, because  a  certain  number  of  fibres  coming  down  from  the 
brain  pass  into  the  spinal  grey  matter  at  different  levels. 

Grey  matter. — The  grey  matter  of  the  cord  consists  of  nerre- 
fibres,  most  of  which  arc  very  fine  and  delicate,  of  nervenxIU 
with  branching  processes,  and  of  an  extremely  delicate  network 
of  the  primitive  fibrilhe  of  axis-cylinders.  This  fine  pleiua  b 
called  (Jrrtarfis  iwtwurk,  and.  is  mingled  with  the  meshes  of 
neuroglia.  The  neuroglia  of  the  grey  matter  resembles  that 
of  the  white,  but  instead  of  everywhere  forming  a  close  net- 
work to  support  the  nerve-fibres,  here  and  there  it  is  in  the  form 
of  a  more  open  sponge-work  to  support  the  nerve-cells.  It  b 
^•necially  developed  wtowwd  t\\fc  <&\\ta«!  oaual^  which  is  lined  with 
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ohimuar  esliated  epithelium,  the  cells  of  which  at  their  cmtef  end 
ermiimle   iti   Hue   processes,   which   join    the    neuroglia    network 
■unrounding  the  canal,  ami  form  the  auftHtantia  yeta-tin  (Wft 

It  is  also  developed  it  th«>  Up  of  the  posterior  cornu  of  grey 
matter,  forming  what  is  known  as  the  Butotcmtia  '/tf'ttinoaa 
lateralis  of  Rolando,  which  is  much  enlarged  in  the  upper  cervical 
region. 

/>  ©/'  cf//.<  («  yrcy  nuttter.  —  The  multipolar  cells  are  either 
scattered  singly  or  arranged  in  groups,  of  which  the  following  are 
to  he  distinguished  on  either  side — certain  of  the  groups  Mag 


f,  43S. — Section  of  grey  mutter  of  anterior  eornn  of  a  calf  "a  gpinal  cord ;  rf,  nervp- 
nbrre  of  white  mutter  in  traniirertfe  section,  showing  oxin -cylinder  in  centre  of  ouch ; 
n,  Urge  stellate  ncrve-cellM  with  their  nuclei  and  prolongation**  *     iCndiatj 


aore  or  less  marked  in  all  of  the  regions  of  the  cord,  viz,, 
tiose  (a)  in  the  anterior  corn  it,  and  (/*}  those  in  the  posterior 
>run. 

(a)  The  cells  in  the  anterior  OORUI  are  large  and  launching, 
ad  each  gives  rise  to  an  axis-cylinder  process  which  passes  oat 

the  anterior  nerve-root.  These  cells  are  every  where  con- 
picuous,  hut  are  particularly  numerous  in  the  cervical  and  lumbar 
i  large  incuts.  In  these  districts  they  may  he  divided  into 
evcral  groups — (i.)  a  group  of  large  eel  Is  close  to  the  tip  of  the 
iner  part,  of  the  Ulterior  enruu — All  the  cells  of  the  anterior 
ornu  in   the  dorsal  or  thoracic  region  are  said  to  belong  to  this 

aup  ;  (ii.)  several  lateral  groups  (2,  ft,  l*t  and  ct  fig.  439)  on  the 
iter  side  of  the  grey  matter,  and  (iii.)  a  certain  number  of  cells 

the  base  of  the  inner  part  of  the  anterior  cornu  particularly 
veil  tuarki 'i  in  the  thoracic  region. 
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(j)  Cells  of  the  posterior  cornu — these  are  not  numerous;  they 
are  small  and  branched,  and  each  -cylinder  proem 

passing  oft';  bnt  these  processes  do  not  pass  into  the  posterior 
nerve-roots.  The  groups  are  two  at  least  in  number,  viz.,  (L)  in 
connection  with  the  edge  of  the  grey  matter  externally,  where  it 
is  considerably  broken  up  by  the  passage  of  bundles  of  fibre* 
through  it,  and  called  the  lateral  reticular  formation  ;  and  (it)  in 
WWlDBCtkjQ  with  i  similar  reticular  formation,  more  at  the  Up  of 
the  grey  matter  of  the  posterior  cornu  ;  this  is  known  as  the 
posterior  reticular  forma  I M I N . 

The  other  groups  of  oellfl   (ncM    reproeooted  in   fig*  439)  are 


Fi*.  419.— Section  of  spinal  cord,  one  half  of  which  (left)  show*  the  traeteof 
matter,  and  the  other  half  { right)  ahowi  " 
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howt  the  poaition 
of  descending  d*^ 
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eon  fined  to  the  thoracic  region  of  the  curd,  and  are  two  in  num- 
ber, viz.  :  one  situated  at  the  base  of  the  posterior  cortiu,  formed 
of  large  fusiform  cells,  constitutes  the  posterior  vesicular  column 
ofZockhart  Clark*  (fig.  443,  c  r)T  and  the  other  situated  on  the 
Ottter  portion  of  the  grey  matter,  about  midway  between  the 
anterior  and  posterior  ooniua,  constitutes  the  cells  of  the  inter 
media-tut?  ml  tract  (fi^.  443*  1  t).  These  cell*  are  small  sod 
spindle-shaped,  sod   arc   found  in    the  upper  'lumbar  a*  well  as  in 

the  fchanuM  region. 

Columns  and  tracts  in  the  white  matter  MnA — In 
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addition  to  the  columns  of  the  white  matter  which  are  marked 
out  by  the  points  from  which  the  nerve-roots  issue,  and  which 
are  the  anterior y  the  lateral  and  the  posteriory  the  posterior 
is  further  divided  by  a  septum  of  the  pia  mater  into  two  almost 
equal  parts,  constituting  the  postero-extemal  column,  or  column 
of  Burdock  (fig.  439,  2),  and  the  postero-mcdiany  or  column  of 
Goll  (fig.  439,  1).  In  addition  to  these  columns,  however,  it 
has  been  shown  that  the  white  matter  can  be  still  further  sub- 
divided. This  subdivision  has  been  accomplished  by  evidence 
of  several  kinds,  that  the  parts,  or  as  they  are  called,  tracts  in 
the  white  matter,  perform  different  functions  in  the  conduction 
of  impulses. 

The  methods  of  observation  are  the  following  : — 

(a)  The  embryological  method.  It  has  been  found  by  examin- 
ing the  spinal  cord  at  different  stages  of  its  development  that 
certain  groups  of  the  nerve-fibres  put  on  their  myelin  sheath  at 
earlier  periods  than  others,  and  that  the  different  groups  of  fibres 
can  therefore  be  traced  in  various  directions.  This  is  also  known 
as  the  method  of  Flechsig. 

(b)  Wallerian  or  degeneration  method. — This  method  depends 
upon  the  fact  that  if  a  nerve-fibre  is  separated  from  its  nerve- 
cell,  it  wastes  or  degenerates.  It  consists  in  tracing  the  course  of 
tracts  of  degenerated  fibres,  which  result  from  an  injury  to  any  part 
of  the  central  nervous  system.  When  fibres  degenerate  below  a 
lesion  the  tract  is  said  to.be  of  descending  degeneration,  and  when 
the  fibres  degenerate  in  the  opposite  direction,  the  tract  is  one  of 
ascending  degeneration.  By  the  modern  methods  employed  in 
staining  the  central  nervous  system,  it  has  proved  comparatively 
easy  to  distinguish  degenerated  parts  in  sections  of  the  cord  and 
of  other  portions  of  the  central  nervous  system.  Degenerated 
fibres  have  a  different  staining  reaction  when  the  sections 
are  stained  by  what  are  called  Weigert's  and  PaPs  methods, 
which  consist  in  subjecting  them  to  a  special  solution  of 
hematoxylin,  and  then  to  special  differentiating  solutions.  The 
degenerated  fibres  appear  light  yellow,  whereas  the  healthy  fibres 
are  a  deep  blue.  Marchi's  method  is  even  better.  By  Marchi's 
solution  (a  mixture  of  M  tiller's  fluid  and  osmic  acid)  degenerated 
fibres  are  stained  black,  the  rest  of  the  tissue  being  unstained. 
Accidents  to  the  central  nervous  system  in  man  have  given  us 
much  information  upon  this  subject,  but  this  has  of  late  years 
been  supplemented  and  largely  extended  by  experiments  on 
animals,  particularly  upon  monkeys ;  and  considerable  light  has 
been  shed  upon  the  conduction  of  impulses  to  and  from  the 
nervous  system  by  the  study  of  the  results  of  section  of  different 
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parts  of  tin*  cent  nil   nervous  system,   and  of   the   spin;  1 1 
roots. 

By  these  methods  the  tracts   m  the  white   matte?  have 
been  mapped  oat,  and  the  principal  ones  a* 
half  of  fig.  439.     But  as  they  an  there  all  put  together,  it  will 

be    a    better   way    of    studying    the    .subject    t « »    enumer.i* 
ascending  and  descending  tracts  with  separate  diagrams. 

It  wilt  be  eon ven ient  to  begin  by  considering;  the  result  ot 
cutting  through  the  roots  0&  the  spinal  nerves. 

Tutting  the  anterior    roots  produces   no  d<  m   in  the 

cord  ;  the  fibres  of  the  anterior  roots  come  off  from  the  large 
cells  of  the  anterior  horn,  and  degeneration  is  found  only  00  the 
distal  side  of  the  point  of  section,  in  the  motor  nerve-fibres  of 
the  nerves. 

Cutting  the  posterior  roots  between  the  spinal  ganglia  and  tbe 
cord  leaves  the  peripheral  part  of  the  nerve  healthy,  and  degene- 
ration occurs  in  the  portion  of  the  root  which  run  a  cord, 
because  the  fibres  are  cut  off  from  the  oalll  of  the  spina]  gfti 
from  which  they  grew.  These  degenerated  u«Tve  td»rea  maybe 
traced  up  the  oord  for  a  considerable  I  slerior 
root-fibre  when    it    enters    the    eord    bifurcates,  the   main   branch 

passing  upwards,  and  the  shorter  branch  downwaida,  so  that  the 

degeneration  is  seen  in  a  small  tract  called  th<'  i  omnia  tract  (fig. 
439*  3)  immediately  below  the  point  of  entrance  of  the  cut 
posterior  root.  The  upgoing  fibre  is  contained  in  the  posterior 
column  of  white  matter,  and  it  terminates  in  one  or  other  collec- 
tion of  grey  matter  either  in  the  cord  itself,  or  in  the  uicduUa 
oblongata. 

Fig.  440  represents  in  a  schematic  way  the  maimer  in  which 
the  fibres  of  the  two  roots  of  a  spinal  nerve  are  connected  to  the 
grey  matter  in  the  cord. 

I,  2,  3,  4  represent  tour  cells  of  the  anterior  horn.  Each  gifes 
rise  to  an  axis  cylinder  process  A,  one  of  which  is  shown 
terminating  in  its  final  ramification  in  the  end  plate  of  a  muscular 
fibre  M.  Each  of  these  four  cells  is  further  surrounded  by  an 
arborisation  (synapse)  derived  from  the  fibres  of  the  pyramidal 
tract  Pt  which  comes  down  from  t be  brain. 

A  fibre  of  the  posterior  root  is  also  shown;  this  originate!  from 
the  cell  G  of  the  spinal  ganglion;  the  process  of  this  cell  bifurcates, 
one  branch  (B)  passing  to  the  periphery  where  it  ends  in  an 
arhoreseenco  in  the  skin  (S);  the  arrow  by  the  side  of  this  branch 
represents  the  direction  of  conduction  of  tie 
from  the  skin.  An  arrow  in  the  opposite  direction  would  in 
the  direction  of  its  growth.     The  other  branch  C  pass< 
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spinal  cord,  where  it  again  bifurcates ;  the  branch  E,  a  short  one, 
passes  downwards  and  ends  in  an  arborisation  around  one  of  the 
cells  Pj  of  the  posterior  cornu ;  from  which  a  new  axis-cylinder 
arises,  aud  terminates  around  one  of  the  multipolar  cells  (4)  of 
the  anterior  honi. 

The  main  division  D  travels  up  in  the  posterior  column  of  the 
oord,  and  ends  in  grey  matter  at  various  levels.    Some  collaterals 


Fig.  440.— Course  of  nerve-fibres  in  spinal  cord..  (After  Sch&fer.) 

(5)  terminate  by  arborising  directly  around  the  anterior  cornual 
cells,  principally  of  the  same  side ;  others  (6)  do  so  with  an  inter- 
mediate cell  station  in  a  posterior  cornual  cell  P2;  others  (7) 
arborise  around  the  cells  of  Clarke's  column  (C)  in  the  thoracic 
region  of  the  cord,  and  from  these  cells  fresh  axis-cylinders  carry 
up  the  impulse  to  the  cerebellum  in  what  is  called  the  direct 
cerebellar  tract,  while  the  main  fibre  (8)  may  terminate  in  any  of 
these  ways  at  a  higher  level  in  the  cord,  or  above  the  cord  in 
the  medulla  oblongata.  When  we  become  acquainted  with  the 
structure  of  the  medulla  oblongata,  we  shall  be  able  to  trace 
these  fibres  further  (see  fig.  472,  p.  635). 

In  general  terms  the  anterior  root-fibres  pass  out  of  thft  ^«<j 
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matter  of  the  anterior  horns,  and  after  a  short  course  lew  the 
spinal  cord  in  the  anterior  spinal  nerve-roots.'  The  posterior  note 
on  the  other  hand  do  not  pass  to  any  great  extent  into  the  grey 
matter  immediately,  hut  into  the  white  matter  on  the  inner  sit 
of  the  posterior  horn  :  in  other  words  they  go  into  the  column  of 
Burdach  (rig.  439,  2) ;  they  pass  up  in  this  column  hut  gradinUt 
approach  the  middle  line,  and  are  continued  upwards  to  the 
medulla  iu  the  column  of  Goll ;  but  as  they  go  up  they  becne 
less  numerous,  as  some  terminate  in  the  grey  matter  of  the  cord 
on  the  way  in  the  manner  described.  A  few  fibres  of  the  posterior 
root,  however,  travel  for  a  short  distance  in  a  small  tract  on  the 


Fig.  H1-— Degeneration  in  column  of  Goll  after  section  of  posterior  nerre-rooti. 

outer  side  of  the  posterior  horn ;  this  is  called  the  tract  of  La- 
saner  (4  in  fig.  439);  the  comma  tract  (3  in  fig.  439)  has  hen 
already  explained. 

Suppose  now  one  cuts  through  several  posterior  roots  between 
the  spinal  ganglia  and  the  cord,  so  that  the  course  of  degenera- 
tion may  he  more  readily  traced.  Immediately  helow  the  poum 
of  entrance  of  these  nerve-roots,  the  comma  tract  will  be  found 
degenerated  ;  immediately  above,  the  degenerated  fibres  will  be 
found  in  the  column  of  Burdach  ;  higher  up  in  the  cord  the?  will 
he  less  numerous,  and  have  approached  the  middle  line:  thefibra 
which  enter  the  cord  lowest  get  ultimately  nearest  the  middle 
line,  so  that  the  greater  part  of  the  column  of  Goll  is  made  up  of 
sensory  fibres  from  the  legs  ;  the  fibres  which  enter  the  cord  last, 
for  instance  those  from  the  upper  limhs  and  neck,  pursue  their 
course  in  the  inner  part  of  the  column  of  Burdach. 

The  preceding  figure  (fig.  441)  shows  the  degeneration  in  a 
sect  ion  of   t\\e  s\A\\i\\  coxA,  vvVxviv  \X^a   ^vsf\»ss^  s&  -%»  ^Kuuher  of 
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nerve-roots  on  one  side.  The  microscopic  section  is  taken  high 
up,  so  that  all  the  degenerated  fibres  have  passed  into  the 
column  of  Goll  on  the  same  side;  the  inner  set  (i)  are  shaded 
differently  from  the  outer  set  (2),  indicating  that  those  nearest 
the  middle  line  come  from  the  lowest  nerve-roots. 

We  may  pass  from  this  to  consider  the  tracts  of  degeneration 
that  occur  when  the  spinal  cord  is  cut  right  across  in  the  thoracic 
region.  Some  tracts  will  be  found  degenerated  in  the  piece  of 
cord  below  the  lesion  ;  these  consist  of  nerve-fibres  that  are 
connected  with  the  nerve-cells  in  the  brain ;  they  are  called  the 
pyramidal  tracts.     Other  tracts  are  found  degenerated    in   the 


Anterolateral  dsscunditt^- 

Direct  Pyramidal 
Fig.  442.— Descending  tracts  of  degeneration. 

piece  of  cord  above  the  lesion  ;  these  consist  of  nerve-fibres  that 
are  connected  with  the  nerve -cells  of  the  spinal  ganglia,  or  with 
the  cells  of  the  spinal  cord  itself  below  the  lesion  and  are  passing 
upwards. 

The  tracts  which  degenerate  downwards  are  the  motor  tracts  ; 
the  tracts  that  degenerate  upwards  are  the  sensory  tracts. 

If  the  animal  is  killed  a  few  weeks  after  the  operation,  its  cord 
removed,  and  microscopic  sections  of  it  made  and  stained  in  an 
appropriate  manner,  the  ascending  tracts  will  be  found  degene- 
rated in  the  piece  of  cord  above  the  lesion  ;  the  descending  tracts 
degenerated  in  the  piece  of  cord  below  the  lesion.  These  are 
shown  in  figs.  442  and  443. 

Tracts  of  descending  degeneration  (fig.  442). 

(i.)  The  crossed  pyramidal  tract. — This  tract  is  situated  in  the 
lateral  column  on  the  outer  side  of  the  posterior  cornu  of  grey 
matter.  At  the  lower  part  of  the  spinal  cord  it  extends  to  the 
margin,  but  higher  up  it  becomes  displaced  from  this  position,  b^ 
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the  interpolation  of  another  tract  of  fibres,  to  be  presently 
descril>ed,  viz.,  the  direct  cerebellar  tract.  The  crossed  pyramidal 
tract  is  large,  and  may  touch  the  grey  matter  at  the  tip  of  the 
posterior  cornu,  hut  is  separated  from  it  elsewhere.  lt>  shape 
on  cross  section  is  somewhat  like  a  lens,  but  varies  in  differait 
regions  of  the  cord,  and  diminishes  in  size  from  the  cervical  region 
downwards,  its  fibres  passing  off  as  they  descend,  to  arborise 
around  the  nerve-cells  and  their  branchings  in  the  grey  matter  of 
the  cord.  The  fibres  of  which  this  tract  is  composed  ue 
moderately  large,  but  arc  mixed  with  some  that  are  smaller. 

(ii.)  The  direct  or  uncrossed  pyramidal  tract. — This  tnct  ■ 
situated  in  the  anterior  column  by  the  side  of  the  anterior  fissure. 
It  is  smaller  than  (i.),  and  is  not  present  in  all  annual^  thongi 
conspicuous  in  the  human  cord.  It  can  be  traced  upwards  to  the 
brain,  and  downwards  as  far  as  the  mid  or  lower  thoracic  region, 
where  it  ends. 

The  two  pyramidal  tracts  come  down  from  the  brain ;  in  the 
medulla  oblongata,  the  greater  number  of  the  pyramidal  fibres 
cross  over  to  the  other  side  of  the  cord  which  they  descend;  hence 
the  term  crossed  pyramidal  tract ;  a  smaller  collection  of  the 
pyramidal  fibres  goes  straight  on,  on  the  same  side  of  the  cord,  and 
those  cross  at  different  levels  in  the  anterior  commissure  of  the 
cord  lower  down ;  hence  the  disappearance  of  the  direct  pyramid*] 
tract  in  the  lower  part  of  the  cord.  The  fact  that  the  crowd 
pyramidal  tract  of  one  side  is  the  fellow  of  the  direct  pyramidil 
tract  of  the  other  side,  is  indicated  in  the  diagram  by  the  dila- 
tion of  shading. 

(Hi.)  Antero-fatrral  descending  tract. — An  extensive  tract, 
elongated  but  narrow,  and  reaching  from  the  crossed  to  the  direct 
pyramidal  tract.  It  is  a  mixed  tract,  since  not  all  of  its  fibre 
degenerate  below  the  lesion. 

(iv.)  Cnmma  tract  is  a  small  tract  of  fibres  which  degenerate 
below  section  or  injury  of  the  cord.  It  is  only  found  for  a  few 
millimetres  below  the  actual  lesion;  though  it  degenerates  down- 
wards it  is  in  reality  a  sensory  tract*  being  composed,  as  we 
have  already  seen,  of  the  branches  of  the  entering  posterior 
root-fibres  which  pass  downwards  on  entering  the  cord. 

Tracts  of  ascending  degeneration  (fig.  443). 

(i.)  Posto'o-mnlian  column. — This  tract  degenerates  upwards  00 
injury  or  on  section  of  the  eord,  as  well  as  on  section  of  the 
posterior  nerve-roots.  It  exists  throughout  the  whole  of  the  cord 
from  below  up,  and  can  be  traced  into  the  bulb.  It  consists  of 
fine  fibres.  The  figure  represents  a  microscopic  section  prepared 
from  a  piece  of  cord  koauq  &\&\&.y\k<&  «\*y?*i  >iW  vK^aaxofe^featthe 
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jouerated  ii brey  which  begin  in   the  column  of  Rurdach  have 
passed  into  the  column  *  »r"  GoU. 

(il.)    Dorsal  or  direct  rrrthrllar  tr>ttf.-   -Tfaifl  tlSOl  is  situated  on 

the  outer  part  of  the  cord  between  the  crossed  pyramidal  tract 
and  the  margin.  It  is  found  in  the  cervical,  thoracic,  and  upper 
lumbar  regions  of  the  cord,  and  increases  in  BMW  from  below 
upwards.  It  degenerates  on  injury  or  section  of  the  cord  itself, 
but  not  on  section  of  the  posterior  nerve-roots.  As  its  name 
iplies,  it  passes  up  into  the  cerebellum.  Its  tiflrea  are  large, 
id  originate  from  the  odk  <«f  CBkrkdV  column  of  the  same  side 
oord.  ,.- 

(Hi.)   Vmtirol  cer&i £lar    tract,   oalbd   aleo   the  Qitfero4atorcU 


H5&* 


j.  « n.'  Ascending  tracts  of  degeneration.    The  diagram  alao  indicate*  the  puKitiun  of 
t  Inrke'a  column  (C.C.)  and  the  intermedio-lateral  tract  (X.TY)  in  the  lateral  horn. 

//vw  a  tetofGowsn, — This  tract  is  situated  at  the 

•e;in  of  the  cord  outside  the  corresponding  descending  tract.    Its 

ibres  are  of  various  sizes,  and  originate  from  cells  situated  in  the 

seof  the  anterior  horn  of  tlie  opposite  side  of  the  spinal  cord,  in 

H'  hawet  thoracic  Rod  lumbar  region  ;  the  fibres  pass  through  the 

rev  coiiimissure  and  anterior  horu  of  the  Opposite  side,  and  travel 

ip  the  tract  of  (lowers  to   terminate   above    principally  in  the 

orebellum,  but   partly  in   the  corpora  quadrigemina.     It  is  thus 

liefly  a  crossed  cerebellar  tract. 

(iv.)   Truct  of  Lienor*  or  posterior  mo  r:  final  zone, — A  small 

tract  of  ascending  fihrus  (4  in  ti^,  439)  situated  at  the  outer  side 

of   the  tip  of  the  posterior  coruu.      It  is  made  up  of  fibres  of 

the  posterior  nerve-roote. 

Complete  transversa  section  of  the  spinal  oord  leads  to : — 

1.   Loss  of  motion  of  the   parte  supplied  by  the  nerves  below 

tin   section  on  both  sides  of  the  body.     The  fftsefrpaa  \ft  wA.  osw 
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fined  to  the  voluntary  muscles  but  includes  t lie  iiiunculu: 

of  the  Mood- vessels  and  viscera.     Hen*  lO  of  kfeod 

pirsMirc,  |i?inilv*i>  of  spliiie 

2.  Loss  of  sensation  in  tin   same  unions, 

3.  Degeueratiou,  ascending  and  descending,  on    both  sides  of 
the  cord. 

Hemisection. — If  the  operation  performed  is  nut  a  com] 
cutting   of  the  spinal   e<-ni    nrrosa   traneveTBely,  but  i 
half  the  cord  across,  it  is  termed  hcmisectinii. 

Tli in  operation  leads  to: — 

1.  Loss  of  motion  of   the  parts   supplied    by  the   nerves  below 
the  section  on  tin   same  side  of  the  body  bj  tie 

2.  Losh  of  sensation  in  the  same  region.     The  loss  of  sen- 

is  not  a  very  prominent  symptom,  axid  is  lm  ju*  pfnti  (i 

localisation   and  the  muscular  sense*      The  anim 
sensations  of  pain  and  of  heat  and  cold. 

3.  Degeneration,   ascending  and    descending 

confined  to  the  same  side  of  the  cord  as  the  injury.  These  an 
shown  tn  the  photo-mi crographs  (fig.  444)  on  the  opposite  pttgt, 
the  small  text  beneath  which  should  he  carefully  studied* 

Difference*  '"  different  regime  1/  thr  wpinal  fonit~- The  oatlim 
prey   matter    and    the  relative    proportion  of    the   white   nutter  varies 
Em  different  regions  oi  the  spinal  cord,  and  it  is,  therefore,  possible  to  tell 
approximately   from    what    region   any   given   transverse   section   of  lbs 
spinal  cr>rd  has  been  taken.     The  white  mutter  increases  in  amour 
below  upwards.     The  amount    of  grey  matter  *  is  greatest 

tl  and  lumbar  enlargement*,  vi/...ut  and  ab  b  lumbar 

•A  nerve,  aud  least  jji  the  thoracic  region,     rhe  greatetl  development 
\  matter  corresponds  with  greatest  number  of  nerve-fibrea  passing  from 
the  com, 

In  the  a  rvuml  *  »j\nyt  tti/nf  the  prey  matter  occupies  a  large  proportion 
nf  the  lection,  the  gri  i  thick,  th 

blunt,  whilst  the  posterior  i.s  somewhat  tapering.  The  anterior  and  [tosterfor 
roots  run  some  distance  through  the  white  matter  before  tbey  reach  th* 
periphery.    At  the  extreme  tipper  pint  of  rhe  cervical  region,  ti 

rior  norn  is  swollen  out  bj  1  into  ■  rounded  mas 

called  the  ntbttantia  gelatinma  0/  Rolando.      The  cervical  eopd  is  wider 
from  side  to  side  than  linn  before  buck  ;  this  if  owing  to  the  great  a 
the  lateral  columns. 

In  the  dm-ml  region  the  gray  matter  bears  only  a  small  , 
white,  and  the  posterior  roots  in  particular  run  a  long  • 
white  matter  aftei   they  enter  the  cord  ;  the  gre\ 
arid  narrower  than   in  the  cervical  region.     The  im< 
is  here  most  marked,  and  form*  a  prominence  often  call*.- 
This  in  shown  in  rig,  443(1  t).     (.'larkc's  column  b 
region  of  the  cord  ;  the  position  of  the  cells  which  make 
shown   in  the  same  figure  (c  c).    The  cord   in  this  region  is  circular  is 
transverse  section  (see  tin  f}g,  444  C l 

In  thr  lumbar  enlargement  the  grey  matter  again  bears  a  very  large  pre* 
m  to  the  whole  size  of  the  trans1  cornus 

irter  and  blunter  ttian  \\uy  ate  In  the  cervical  region.     The  gtey 
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commissure  is  short  and  extremely  narrow.     Th>  1  rans- 

▼erse  section. 

At  theupp*  r part  nftfti  eonv*  mafaftftrfa,  which  its  the  portion  ol  the  OOfd 
fwnediately  below  thr*  lumbar  enlargem*  i»(.  Qu  givy  totN&tnoe  OOOBffiifli 
nearly  the  whole  -»f  Lbo  taantrerte  ^eetto,  m  it  Is  only  binated  by  a  thin 


Fi*r.  »u      The  .ilwivo  diagtain*  iff  n  i-v.-dii.tiom  of  photo-microffraphM  (tarn  the  Npinal 

cord  of  11  monitor  in  «  hieh  the  Mperntion  of   left  ticxntwectidn  had  been  performed 

nome  weeks  previa  1  i>iy   SCott)     Tub  lection*  wen  rtafmd  by  WeJgert**  tnathod.  by 

whieh  the  prrvy  matter  is  bleached,  while  the  healthy  white  matter  remain*  dark  blue. 

The  di  tract*  are  *l  lion  erf  theoord  in  the  thwaqk 

11  below  the  leaion;  the  cn^sed  f>yrnmida]  tmct  i»  detreneratecl ,     B  It  a  mwtjon 

hipai  ilown  fen  tba  lumbar  nlargemenl  Derated  pyramidal  bad  Is  now 

1    11 11  Bectfion  in  the  thoracic  region  tome  little  dint*  nee  il  on    Um  leaioa. 

The  degenerated  traet*  neen  are  in  thr  injti-r  i«*irt  of  Gall's  ootttmn  aad  in  ttitd&Ml 

-liar  tract.    TT  It  a  Mnrlcm  nigfisr  up  in  km  cervical  nsgion;  the  dtgwuntiao  in 

Ooll  V^ilumn now  ficcupie*  a  median  [position  ;  the  <3efrenerationn  in  the rlinet  cerebellar 

tract,  and  in  the  tm<t  of   Mower* are  al»o  well  i»hown.    Notice  that  in  aU  cases,  the 

degenerated  tracta  are  on  the  tame  aide  u  the  injury, 

layer  of  white substance.     This  thin  layer  it  wanting  in  the  neighbourhood 
of  the  potterfor  nerre»rootf.    The  grey  commissure  is  extremely  thick. 

At  thr  Itrrl  0/  thv  fifth  mitral  rut  thru  the  grey  mutter  is  also  in  excess, 
ami  the  central  canal  It  enlarged,  appearing  T-shupn]  in  section  ;  whilst  in 
I  be  upper  portion  qf  th*-  fit  m  termlmaU  the  grey  matter  is  uniform  in  shape 
without  any  central  canal. 
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CHAPTER    XLIII. 


THE   BRAIN. 


[fa*  urn, 


A  arruDEM  \  first  glan  i-rain,  or  at  such  a  drawin- 

as  is  given  in  h>.  445,  will  be  sufEctenl 
complicated  structure.     It  oertainlj  m  nxtromelj 
studying  it  sj  illj  we  shall  tin«l  ->f  tie 


Fig.  4*5-— Ba*e  of  the  brua.    t,  superior  longitudin&l  h*uw.  *,  1 

lobe ;   j«  Hmutq  of  SylTiuft,  between  anterior  and  4.  4*.  4%  middle  eerebxml  lot- 
pocterior  lobe ;   6,  moduli*  oblongata ;   the  figure  it  in  the  right  anterior  pm»%* , 

&S,  9,  10,  the  cerebellum ;  -,  the  inferior  vermiform  proems.  The  figures  inm  L  * 
L  are  placed  against  the  corresponding  cerebral  nerve* ;  ITT.  i»  placed  on  tte  odi 
cm*  cerebri.  VI,  and  VII.  on  the  pons  Varolii ;  X.  the  flat  cervical  or  ml  urn  in* 
nerve.     ( Allen  Thomson       j . 

essential  farts  in  its  anatomy  will  be  attainable  with  comparative 
ease.     An  acquaintance  with  the  structure  of  the  brain  is,  mart- 
over,   essential    For    understanding   its   function*.  I  »hiH 
devote  this  and  a  few  succeeding  chapters  to  anatomical  i 
-utiuus,  before  pas»\VA$  ^v\  V<>  VW  %ta\&3  «&t  \\&  \tav 
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An  outline  diagram  of  its  parts,  such  as  is  presented  in  the 
next  figure,  will  indicate  the  various  parts  of  the  brain  which  we 
shall  have  to  take  into  consideration. 

At  the  lowest  part  of  the  brain,  continuing  the  spinal  cord 
upwards,  is  the  medulla  oblongata  or  bulb  (D).  Next  comes  the 
pons  Varolii  (C),  very  appropriately  called  the  bridge,  because  in 
it  are  the  connections  between  the  bulb  and  the  upper  regions  of 
the  brain,  and  between  the  cerebellum  or  small  brain  (B)  and  the 
rest  of  the  nervous  system. 


Fig.  446.— Flan  in  outline  of  the  brain,  as  seen  from  the  right  side.  |.  The  parts 
are  represented  as  separated  from  one  another  somewhat  more  than  natural,  so  as  to 
show  their  connections.  A,  cerebrum ;/,  g.  A,  its  anterior,  middle,  and  posterior  lobes ; 
«,  fissure  of  Sylvius ;  B,  cerebellum ;  C,  pons  Varolii  ;  D,  medulla  oblongata ;  a, 
peduncles  of  the  cerebrum ;  b,  e,  <f ,  superior,  middle,  and  inferior  peduncles  of  the 
cerebellum.    (From  Quain.) 


The  mid-brain  comes  next  (a,  6),  and  this  leads  into  the  peduncles 
or  crura  of  the  cerebrum  (A),  the  largest  section  of  the  brain. 

Through  the  brain  runs  a  cavity  filled  with  cerebro-spinal  fluid, 
and  lined  by  ciliated  epithelium ;  this  is  continuous  with  the 
central  canal  of  the  spinal  cord.  In  the  brain,  however,  it  does 
not  remain  a  simple  canal,  but  is  enlarged  at  intervals  into  what 
are  called  the  ventricles.  There  is  one  ventricle  in  each  half  or 
hemisphere  of  the  cerebrum;  these  are  called  the  lateral  ventricles, 
they  open  into  the  third  ventricle,  which  is  in  the  middle  line  ; 
and  then  a  narrow  canal  {aqueduct  of  Sylvius)  leads  from  this  to 
the  fourth  ventricle,  which  is  placed  on  the  back  of  the  bulb  and 
pons,  which  form  its  floor ;  its  roof  is  formed  partly  by  the  o^*t- 


thf:   BtAfv 


(«.  tun 


(%.  446)*  partU  l»jr  fits  mater     Tim  piece 

bj  a  U4»-  <  /ariwKi 

the   crnrbro-npttJAl    fluid  ih    I 

of    the    cerebrospinal    cavity   In  cm 

tin  umr*    with     that    which   bathes  the 

r  1  tern*]   nurface  of  brain  and  uord  10 

the  Kub-juifcchnoid  sp*« 

ventricle   lead-  utral  cunl 

of  the  spinal  cord.      Tin-  fifth  ventndi 

in   the  centra  l 

flan  not  comu  with  tb 

The  <v»yi&ft)-</^  1  thm  wnt^ 

fluid,   containing  a  small    ijuatititr  4 

salts  and    pn  Hon,  md  .v 

substance  which   give»  Tmuitir 

for  sugar  ;  it  is,    however,  not  sogir, 

but  a  substance  of  the  ammat: 

allied  to  pyrocatechin. 

u   to  descriW 
portions  of  the    brain   0D6   by 
Will    1*0  r«»n\«  iii»  nt    ft)  state    first  a 

(t)  fn  '/  l^wer  part 

« 1  ist  ri  1  m  t  ion     0  f     grey     1 1 ; 

that  which  prevails  in  H 

up  the  chief  part  is  found  ton 
rmr  or  d  ; ,  surrou] 

out  ml  canal       Wlien  the  ceoi 
canal  op  into  the 

triule,  the  p  oamm 

bfaiefiy,  and  \>  found  to  cow 
more  part 

nuclei  «>f  origin  «»f  the  cranial  u 
vi£.,  the  12th,  11th.  ioth,  otb, 
8th,  unci  rnallvof  the 

die  and  mudmi  ooneatna.     Jo 
ditlon  to  these  nmimrii  oJ  gfi 
there    are   the  olivaty   fad 
the  ventral  surface  with   the  domx? 
ind  the   external  are* 
placed    at     1  he    tip    of    the    .interior    Assure    on  nJe  o» 

the  Ttntml  lurnvce  of  the  anterior  pynunida, 

(H  )  /•«  ifo  jmms  Vtiroiii. —  In  addition  to  the  origins  of 
III  the  floOI  of    lV\c   lov\T\\\  \«csaak 


Flf.   447—  Ihu^rnuniMtir     h<.n- 
aoatal  section  of  u  vertebrate 
brain,  Th^flguninr 
fan  this  and  th*.-n*-xt  diiurnini, 
jWi\  mid-briia  :  what  lie*  in 

Twhrtl  I ir -  himl- 

bra.iu  ;    I.t,  EamiBa   t>  i  • 
li* ;      Olfv    olfaf't^ry 
Ifmp,  hi'numhvn*  ;     I 

;-hnli 


Ifmp, 

tlmliiliinin  jiIkiLmii. 

5 land ;    />,  pituitary  ikmJj  ; 
If.,  ft  am  d  o4  Hum  - 

emwin   utrintnin;     7'A,  oplir 

thaljimu* ;  CT,  mini  or 

UN    iiuhm   lying   Above   the 

oeaal  itptaMBli  8m  ooipatt 

4|tm>1n^  uiinn  ;    Cb,  cerebel- 
lum ;     .V..  .,  bedlllb   ODI0&- 
io»trt  ;  f—  OT ,  the  nine  pain 
mialnervn;  r.otfw 
u<li»;  ^lateral  vent v 

nt  vwrtrtefr,   :.  tburte 

nartittn  taafefi  nta*, 
Ehu 
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pons,  viz.,  of  the  7  th,  6th,  and  5  th  nerves,  there  are  several 
masses  of  grey  matter,  viz.,  in  the  back  part,  the  superior  olive 
and  in  the  front  part  the  locus  caeruleus,  as  well  as  small 
amounts  of  the  same  material  mixed  with  fibres  in  the  more 
ventral  surface. 

(iii.)  In  the  mid-brain,  the  grey  matter  preponderates  in  the 
corpora  ([uadrigeniincL,  and  corjxtra  geniculata.  It  is  also  found 
surrounding  the  aqueduct  of  Sylvius,  and  in  other  parts  of  the 
crura,  notably  such  masses  as  the  red  nucleus  and  locus  niger. 

(iv.)  In  the  cerebral  hemispheres,  the  cerebral  cortex  is  made  up 
of  grey  matter  which  encloses  white  matter ;  the  corpora  striata 
and  optic  thalami  at  the  base  of  the  brain  are  made  up  chiefly  of 
grey  matter. 

(v.)  In  the  cerebellum,   the  grey   matter  forms   the    encasing 


Fig.  448.— Longitudinal  and  vertical  diagrammatic  election  of  a  vertebrate  brain.  Lettera 
aa  before.  PV,  poiw  Varolii.  Tamma  terminals  is  represented  by  the  strong  black 
line  joining  Pn  and  Py.    (Huxley.) 


material  of  the  white  matter.  In  the  interior  too  there  are 
masses  of  grey  matter  forming  the  corpora  dentata. 

Speaking  generally,  there  are  two  main  collections  of  grey 
matter — that  on  the  surface,  and  that  in  the  interior  bordering 
on  the  cerebrospinal  cavity,  and  subdivided  into  various  masses 
(corpora  striata,  optic  thalami,  <fcc),  whose  names  have  been  men- 
tioned, but  whose  closer  acquaintance  we  shall  make  presently. 

The  cerebral  or  cranial  nerves,  some  of  which  have  also  been 
mentioned,  are  those  which  originate  from  the  brain ;  there  are 
twelve  pairs  of  these  altogether,  and  the  majority  originate  from 
nerve-cells  in  the  grey  matter  of  the  floor  of  the  fourth  ventricle 
or  its  immediate  neighbourhood. 

In  the  foetus  the  central  nervous  system  is  formed  by  an  in- 
folding of  a  portion  of  the  surface  epiblast.  This  becomes  a  tube 
of  nervous  matter,  which  loses  all  connection  with  the  surface  of 
the  body,  though  later  in  life  this  is  in  a  seuse  Te-fcfc\stoY\*ft\s&  Vj 
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the  nerves  that  grow  from  the  brain  and  cord  to  the  surface 
The  anterior  end  of  this  tube  becomes  greatly  thickened,  to  form 
the  brain,  its  cavity  becoming  the  cerebral  ventricles ;  the  rest 
of  the  tubo  becomes  the  spinal  cord.  The  primitive  braiii  is  it 
first  subdivided  into  three  parts,  the  primary  cerebral  vttida; 
the  first  and  third  of  these  again  subdivide,  so  that  there  are 
ultimately  five  divisions,  which  have  received  the  following 
names : — 

i.  Pros-encephalon,  or  fore  brain.  This  is  developed  into 
the  cerebrum  with  the  corpora  striata.  It  encloses  the  lateral 
ventricles. 

2.  Thalam-encephalon,  or  twixt  brain.  This  is  developed 
into  the  parts  including  the  optic  thalami,  which  enclose  the 
third  ventricle. 

3.  Mes-encephalon,  or  mid  brain,  consists  of  the  parts  which 
enclose  the  aqueduct  of  Sylvius — namely,  the  corpora  qoadri- 
gemina,  which  form  its  dorsal,  and  the  crura  cerebri,  which  farm 
its  ventral  aspect. 

4.  Met-encephalon,  or  hind  brain,  which  forms  the  cere- 
bellum and  pons. 

5.  Ep-encephalon,  or  after  brain,  which  forms  the  bulb  or 
medulla  oblongata. 

Figs.  447  and  448  represent  a  diagrammatic  view  of  a  verte- 
brate brain  ;  the  attachment  of  the  pineal  gland,  pituitary  body, 
and  olfactory  (I)  and  optic  (II)  nerves  is  also  shown. 


CHAPTER   XLIV. 

STRUCTURE    OF    THE    BULB,    PONS,    AND    MID-BRAIN. 

We  may  study  the  bulb  and  pons  by  examining  first  the 
anterior  or  ventral,  then  the  posterior  or  dorsal  aspect,  and  last 
of  all  the  interior. 

Anterior  Aspect. 

The  bulb  is  seen  to  be  roughly  shaped,  like  an  inverted  trun- 
cated cone,  larger  than  the  spinal  cord,  and  enlarging  as  it  goes 
"O  until  it  terminate*  \v\  *\\<s  ^OWax^gt  \ra&V$»%.  tA^^Y  l^tlw 
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middle  Una  is  a  groove,  which  is  a  continuation  upwards  of  the 
anterior  median  taut*  of  the  spinal  cord;  the  columns  of  the 
bulh  are,  speaking  roughly,  emit  in  rations  upwards  of  those  of  the 
oord,  l»ut  there  u  a  oonsideraUe  roftmogeme&t  of  the  fibres  in 
eh.  Thus  the  prominent  columns  111  the  middle  line,  called 
the  pyramids  (a  a),  are  composed  of   the   py  nun  id;  il   fibres,  which 


Fig.  A.\q. — Ventral  or  anterior  surface  of 
the  pons  Varolii,  and  medulla  oblon- 
gata. «,  <t,  pyramids ;  r . 
nation;  a,  e,  olivary  bodies ;  rft  d, 
rwtiform  bodies;  «■.  arrif<»rm  fibre*; 
/,  fibres  passing  from  the  interior 
column  of  the  fond  to  the  cere- 
bellum; &*  anterior  column  of  the 
spinal  cord ;  ft,  lateral  column ;  /», 
pons  Varolii;  »'T  its  upper  fibres; 
5,  s.  root*  of  the  fifth  pair  of  nerve*. 


Fig.  450.—  Dorsal  or  posterior  surf  ace 
of  the  pons  Varolii,  corpora  quad- 
rjgemina,  and  medulla  oblongata, 
The  peduncle*  of  the  cerebellum 
are  cut  short  at  the  side*.  0,  a,  the 
upper  pair  of  corpora  quadri- 
gemins ;  ft,  ft,  the  lower  j  /,  r\  mipe- 
rior  peduncle*  of  the  cerebellum; 
c,  eminence  connected  with  the 
nucleus  of  the  hypoglossal  nerve : 
a,  tb&t  of  the  glosso-pharyngeal 
nerve  J  i,  that  of  the  vagus  nerve  ; 
dft  tf,  rent i  form  bodies  ;  /',  p#  poste- 
rn it  columns ;  u»  v,  groove  in  the 
middle  of  the  fourth  ventricle, 
tag  below  in  the  calamus  acrip- 
toriu* ;   7,  7,  roots  of  the  ouditory 


in  the  spinal  cord  are  situated  principally  in  the  literal  columns 
of  the  opposite  side  (crossed  pyramidal  tracts).  The  decussation 
or  crossing  of  the  pyramids  (J)  occurs  at  their  lower  part  ;  a 
small  collect  ion  of  the  pyramidal  fibres  is,  however,  continued  down 
the  cord  in  the  anterior  column  oF  the  same  Bide  of  the  cord 
(direct  pyramidal  tract):  these  cross  at  dinVreni  levels  in  the 
cord. 

On  the  outer  side  of  each  pyramid  is  an  oval  prominence  (c  c), 
which  is  not  represented  in  the  spinal  cord  at  all.     Ttafffe  *x^ 
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called  the  olivary  bodies  or  olivet ;  they  consist  of  white  matter 
outside,  with  grey  and  white  matter  in  their  interior. 

The  rtstiform  Uxlies  at  the  sides  (d  d)  are  the  amtiuuatwt 
upwards  of  those  fibres  from  cord  and  bulb  which  enter  the 
cerebellum,  and  the  upper  part  of  each  restiform  body  is  called 
the  inferior  peduncle  of  the  cerebellum** 


Posterior  Aspect. 

Fig.  450  shows  a  surface  view  of  the  back  of  the  bulb, 
pons,  aud  mid-brain.  Again  we  recognise  some  of  the  parU  of 
the  spinal  cord  continued  upwards,  though  generally  with  new 
names,  and  again  we  see  certain  new  structures. 

The  posterior  median  fissure  is  continued  upwards,  and  on  each 
side  of  it  is  the  prolongation  upwards  of  the  posterior  columns  of 
the  cord.  The  column  of  Goll  is  now  called  the  Funiculus  grorilk 
and  the  column  of  Burdach  the  Funiculus  cuneatu*. 

The  two  funiculi  graciles  lie  at  first  side  by  side,  but  sooq 
diverge  and  form  the  two  lower  boundaries  of  a  diamond-shaped 
space  called  the  floor  of  the  fourth  ventricle  ;  this  is  made  of 
grey  matter  :  the  central  canal  of  the  cord  gets  nearer  and  nearer 
to  the  dorsal  surface  of  the  bulb,  till  at  last  it  opens  out  on  the 
back  of  the  bulb,  and  its  surrounding  grey  matter  is  spread  out 
to  form  the  floor  of  the  fourth  ventricle.  The  two  upper  boun- 
daries of  the  diamond-shaped  space  are  made  by  the  superior 
peduncles  of  the  cerebellum,  which  contain  fibres  coming  down 
through  the  mid-brain  from  the  cerebrum.  The  middle  peduncles 
of  the  cerebellum  are  principally  made  up  of  fibres  running  from 
one  cerebellar  hemisphere  to  the  other  through  the  pons. 

Running  down  the  centre  of  the  floor  of  the  fourth  ventricle 
is  a  shallow  groove  ;  on  each  side  of  this  is  a  rounded  longitudinal 
eminence  called  the  funiculus  teres ;  running  across  the  middled 
the  floor  are  a  number  of  fibres  (the  striae  acousticce),  which  join 
the  auditory  nerve. 

In  the  upper  part  of  the  diagram  the  mid-brain,  with  the 
ct/rpora  quadriiimiina  (a  «,  b  b),  is  shown.  Here  there  is  once 
more  a  canal  which  penetrates  the  substance  of  the  mid-brain, 
and  is  called  the  aqueduct  of  Sylvius,  or  the  iter  a  terlio  ad 
quart um  ventricufum  :  it  leads,  as  its  second  name  indicates,  from 
the  third  to  the  fourth  ventricle. 


*  Each   half  of  cerebellum  has  three  peduncles:  inferior,  middJe, and 
superior. 
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E&Gb  cranial  ncrv.  if  B&kj  to  have  two  origins:  a  </"/'  "'"';/'"> 
1*4,  tin  ivLi.ni  of  grflj  math  r  where  its  fibres  actually  arise  from 
nerve-cells;  and  a  ruperficial  origin)  the  region  of  the  brain's  BUT- 


Dorsal  or  posterior  vic-w  of  the  medulla,  fourth  ventricle,  and  mesencephalon 
(natural  siase).  p.**,  Una  Q.  (hi  putttrfd  roots  of  the  spinal  lttTH  |  /'-'"-A  lnwteriGr 
median  Assure ;  /-;</,,  funiculus  gracilis  ;  cf.,  its  continuation,  called  the  elava  ; 
/,e.t  funiculus  tuneutuH ;  /.  #.,  funiculua  of  Rolando  ;  rA,  rcstifonn  body ;  e*<,  cala- 
mut  scriptorium ;  /,  flection  of  lijmk  or  Uvahi ;  part  of  choroid  plexus  is  seen  beneath 
it;  l.r.,  lateral  recess  o!  th-  ^.-uin.  ]<■ ;  .  ^Eriws  liOrmjHwiB j  1'./.,  inferior  foasa; 
4.j\,  superior  fossa  ;  between  it  and  the  median  *ulr>un  is  the  fasciculus  teres  ;  oli,,  cut 
surface  of  the  cerebellar  hemisphere ;  awl,,  central  or  grey  matter;  •%*.*.,  superior 
medullary  velum ;  Ing.,  ligula  :  s,c>p.,  superior  cerebellar  peduncle  cut  longitudinally  ; 
cr.,  combined  section  of  the  three  cerebellar  peduncles  ;  rjrj..«.,  f.*/,i,,  corpora  quadri- 
gemma  (superior  and  inferior)  ;  f>\,  f  n«nulum ;  /.,  fibres  of  the  fillet  seen  on  the 
surface  of  the  tegmentum  ;  0  .,  rnista  ;  Z.f .,  lateral  groove  ;  c.p,<\,  00VDOI  ^mrulutum 
intemus ;  (.A.,  posterior  part  of  thalamus;  /•.,  pineal  body.  The  Roman  numbers 
indicate  the  corresponding  cranial  nerves.    (E.  A.  Schafer,  | 

face  where  the  nerve,  after  coursing  through  the  brain  Mibstance, 
actually  leaves  it  for  its  defttiniition. 

The  deep  origins  of  the  cranial  nerves  will  especially  interest 
us  as  students  of  physiology.     There  arc  twelve  pairs  of  cranial 


K.P. 


Fig.  452>— Fuuith  YetitriHi\  with  tttt  nu'duila  ofo- 
l-niriitn  and   the  ?\>tjm\  The 

HimuiiL  Quxnberi  indii  ate  -u\»  rftciaJ  "rigin-H  ol 
th*v  cranial  IMUPSi  while  the  other  numT*?rn 
indicate  their  de*-p  origins,  or  the  pflritftaw  of 
their  central  nuclei.  8,  «'t  8",  S1*,  nudit«ry 
nuclei;  f,  fimieulua  ten*;  A,  B,  corpora  rruiul- 
riin  niinn  ;  e.  £.,  corpus  genic-uUtuim  ;  jn. 
dimculun  cerebri;  m.  e,  (k,  middle  Mnbeflsr 
peduncle ;  *,  r,  p„  miperior  oerettelUiT  petl  1 1 1 
i.  c>  f..  infi  rior  cerebellar  peduncle;  >r.  . .,  loons 
■■'inil'us  <*.,  eminent  iater^  inerea; 

«t  n.,  aectMBory  nucleus;  o.,  obex;  c.,eton 
funiculus  oumtn;  /,  jr.,  funiculus  gracilis. 
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illy  motor,  supplying  the  external  rectus  of  I lie  eyeball     It* 

centre   is  in    the   upper  part  of  the  floor  of   the    fourth  ventricle, 

the  middle  line. 

5,    Tri<jtmimil, — This   is   a   mixed   nerve.      Its  smaller  motor 

lion  supplies  the  muscles  of  mastication;  its  larger  sens 

division,  the  Gasserian  ganglion  on  which  corresponds  to  the  spinal 

ganglion  on  a  spina]  nerve,  is  the  great  sensory  nerve  '»i  the  face 

head,     lis  deep  origin  is  also  double.     The  motor  dtmtiftik 

internal  to  the  sensory,  and  from  it  reach  a  number  oi  fibres 
stretching  upwards  as  far  as  the  anterior  corpus  quadrigeminurn  ; 
this  is  termed  its  descending  root  ;  It  is  also  connected  with  tin' 
ruleui,  The  seHwrtf  cmfrr  or  mtvfttt*  outside  the  motor 
has  connected  with  it  a  tract  of  tihres  from  the  cord  as  low  as  the 
tod  cervical  nerve  (ascending  root)  (tig.  452,  jA 

7.  Faeiali — This  is  the  great  motor  nerve  of  the  face  muscles. 
When  it  is  paralysed,  the  muscles  of  the  face  being  all  powerless, 
the  countenance  acquires  on  the  paralysed  side  a  characteristic, 
Vacant  look,  from  the  absence  of  all  expression;  the  angle  of  the 
mouth  is  lower,  and  the  paralysed  half  of  the  mouth  looks  longer 
than  that  on  the  other  side;  the  eye  has  an  unmeaning  stare, 
owing  to  the  paralysis  of  the  orbicularis  palpebrarum.  All  these 
peculiarities  increase,  the  longer  the  paralysis  lasts  :  and  their 
appearance  is  exaggerated  when  at  any  time  the  muscles  of  the 
opposite  side  of  the  face  are  made  active  in  any  expression,  01  III 
any  of  their  ordinary  functions,  In  an  attempt  to  blow  or  whist le, 
one  side  of  the  mouth  and  cheeks  acts  properly,  hut  the  other  side 
is  motionless,  or  flaps  loosely  at  tin'  impulse  of  the  expired  air; 
BO  ha  trying  to  suck,  one  side  only  of  the  mouth  acts  ;  in  feeding, 
the  lips  and  cheek  are  powerless,  and  on  account  of  paralysis 
of  the  buccinator  muscle  food  lodges  between  the  cheek  and 
gums. 

The  deep  origin  of  this  nerve  is  shown  in  the  diagram  below 
that  of  the  fifth,  and  to  the  outer  side  of  that  of  the  sixth  nerve. 

The  chorda  tympani  nerve,  one  of  the  branches  of  the  seventh, 
we  have  studied  in  connection  with  secretion  and  vaso-dilatation. 

8.  Auditory, — This  nerve  hav<  s  the  hinder  margin  of  the  pons 
by  two  roots.  <>ne  winds  round  the  restiform  body  dorsal  to  it, 
and  the  other  passes  vent  n> -ine-ially  OH  the  other  side  of  the 
restiform  body.  The  former  is  called  the  dorm!  root  The  latter 
is  called  the  ventral  root.  The  dorsal  root  contains  a  large 
number  of  nerve-cells,  which  give  origin  to  many  of  its  fibres. 
Ventral    to    the    restiform    body   and    between    the    two    roots   is 

another  mass  of  ganglion  oeUsj  Ulc  occcwory  auditor^  wudeut, 

lusher  up  these  two  col  factions  of  cells  Mend  to  tOTm  a.  WM*ol 

a  a  1 
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nucleus,  for  this  division  of  the  auditory  nerve.  Some  of  the 
fibres  of  this  root  arc  superficial  in  position,  and  form  the  dri* 
acoustic**-  across  the  ventricular  floor.  This  root  becomes  the 
cochlear  branch  of  the  auditory  nerve  ;  it  is  the  auditory  nerve 
proper,  and  it  is  mainly  distributed  to  the  cochlea  of  the  internal 
ear.  The  ventral  root  originates  from  a  collection  of  nerve  oeDa 
(fig.  452,  8)  external  to  the  glosso-pharyngeal  nucleus,  called  the 
inner  or  dorsal  auditory  nucleus.  This  root  becomes  the  vestibu- 
lar division  of  the  auditory  nerve  and  is  distributed  to  the  utricle 
and  semicircular  canals  of  the  internal  ear. 

Ventral  to  the  inner  auditory  nucleus  is  a  collection  of  huge 
nerve  cells,  formerly  called  the  outer  auditory  nucleus,  but  now 
known  as  the  nucleus  of  Deiters.  Its  cells  are  connected  with  those 
of  the  cerebellum. 

9,  10,  11 . — These  three  nerves  are  called  respectively  the 
glosso-pharyngealy  vagus  or  pneumogastricy  and  spinal  acmwry. 
They  arise  from  an  area  of  grey  matter,  reaching  from  about  the 
middle  of  the  floor  of  the  fourth  ventricle  down  into  the  spinal 
cord,  as  low  as  the  origin  of  the  sixth  or  seventh  cervical  nerrei 
The  nuclei  of  the  three  nerves  are  closely  connected  with  each 
other. 

In  addition  to  this  combined  nucleus  there  are  certain  lateral 
contributions,  namely  : — i.  the  nucleus  ambiguu*,  which  lies  on 
the  lateral  side  of  the  reticular  formation  and  is  an  accessor 
origin  of  the  vagus ;  ii.  the  fasciculus  sofitarius,  which  is  situate! 
in  the  bulb,  ventral  and  a  little  lateral  to  the  combined  nucleus, 
and  which  is  also  called  the  ascending  root  of  the  glosso-pharjm- 
geal  nerve  or  the  respiratory  bundle ;  and  iii.  the  spinal  portm 
which  takes  origin  from  a  group  of  cells  lying  in  the  extreme 
lateral  margin  of  the  anterior  corau.  This  is  the  origin  of  the 
spinal  accessory  ;  it  corresponds  to  the  anterolateral  nucleui 
of  the  bulb,  and  the  lateral  part  of  the  grey  matter  of  the 
spinal  cord.  The  fibres  of  the  spinal  origin  of  the  nerve  pa» 
from  these  cells  through  the  lateral  column  to  the  surface  of 
the  cord. 

The  fibres  from  the  combined  nucleus,  chiefly  from  the  mtdia 
})art,  pass  in  a  ventral  and  lateral  direction  through  the  reticular 
formation,  then  ventral  to  or  through  the  gelatinous  substance  and 
the  strand  of  fibres  connected  with  the  fifth  nerve,  to  the  surface 
of  the  bulb. 

The  bundles  of  fibres  of  the  fasciculus  solitarius  start  in  the 
lateral  grey  matter  of  the  cervical  cord  and  higher  in  the  reticular 
formation  of  the  bulb  ;  they  run  longitudinally  forwards  to  pa*» 
into  the  roots  oi  t\\e  \\\\\\\\  wqyn*. 
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The  fffosAo-phnrifti :t,  -rf  91  lilaments  through  its  tympanic 

inch  (Jaoobaon'fl  nerve),  to  the  fenestra  ovalis  and  fenestra 
nuda,  and  the  EaatftohHui  tube,  part*  of  the  middle  ear; 
also,  to  the  carotid  plexus,  and  through  tlie  petrosal  nerve, 
to  the  sphenopalatine  ganglion.  After  communicating,  either 
within  or  without  the  cranium,  with  the  vagus,  it  leaves  the 
cranium,  divides  into  the  two  principal  divisions  indicated  by  its 
name,  and  supplies  the  mucous  meonbraiM  of  the  posterior  and 
lateral  walls  of  the  upper  part  of  the  pharynx,  the  Eustachian 
tube,  the  arches  of  the  palate,  the  tonsils  and  their  mucous  mem- 
br&ne,  and  the  tongue  as  far  forwards  as  the  foramen  caecum  in 
the  middle  lino,  and  to  near  the  tip  at  the  sides  am!  inferior 
part, 

Funr-tifm*. — The  glosao -pharyngeal  nerve  contains  some  motor 
fibres  tii  soinr  of  the  pharyngeal  muscles,  together  with  those  of 
cumin  ition  and  the  sense  of  taste. 

The  PQgU$  or  pmemmogattrie   n&TVt   has  most  varied  functions, 

ing  branches  to  the  pharynx,  larynx,  cesophagus,  stomach, 
lun^s,  heart,  intestines,  liver,  and  spleen.  Some  tibres  are 
afferent  and  some  efferent  Most  of  these  functions  we  have 
already  studied   in   connection  with   the  wtfgUtR   just    named.      It 

old  be  particularly  noted  that  the  principal  origin  of  this 
nerve  is  at  the  Inner  end  of  the  ventricular  floor,  or  as  it  is 
rally  called,  the  eithmm  wrijtfarrtti*. 

The  jtju'n*tl  accrworif  nerw  arises  by  two  distinct  origins — one 
from  a  centre  in  the  floor  of  the  fourth  ventricle,  and  connected 
with  the  udosso-pharyngeal-vagus-micleus  ;  the  other,  from  the 
outer  side  of  the  anterior  con  in  of  the  Spinal  OOfd  as  low  down  as 
the  fifth  or  sixth  cervical  nerve.      The  fibre-,  imin  the  two  origins 

c together  at  the  jugular  foramen,  but  sc  pa  ml  two 

branches,  the  inner  of  which,  arising  from  the  medulla,  joinfl  the 
vagus,  to  which  it  supplies  its  motor  and  some  of  its  cardio~ 
inhibitory  fibres,  which  are  of  the  small  medullated  variety,  whilst, 
the  outer,  consisting  of  large  medullated  fibres,  supplies  the 
trapezius    and    st en  10- mastoid    muscles.       The    external    branch, 

which  is  the  larger  of  the  iwn,  is  composed  almost  exclusively  of 

motor  fibres.  The  internal  bratieh  of  the  accessory  nerve  supplies 
tlii*"Hy  viscero-inutor  tilatnents  to  the  vagus.  The  imivrk-s  of  the 
hirvux,  all  of  which  aie  supplied  by  branches  of  the  vagus,  derive 
their  motor  nerves  from  tlie  accessory  ;  and  (which  is  a  very 
siirnitieant  fact)  Vrolik  states  that  in  the  chimpanzee  the  internal 
branch  of  the  accessory  does  not  join  the  Vftgflfl  at  ill,  but  goes 
direct  to  the  larynx. 

}?,   The  )tt//*>*th>?>  ■  uisrs  from  a  bffgfe  wAVA  aw\ 
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nucleus  in  the  bulb,  close  to  the  middle  line,  inside  the  combined 
nucleus  of  the  ninth,  tenth,  and  eleventh  nerves.  Fibres  from 
this  nucleus  run  from  the  ventral  surface  through  the  reticular 
formation  in  a  series  of  bundles,  and  it  emerges  from  a  groove 
between  the  anterior  pyramid  and  olivary  body.     It  is  connected 


CEREBELLAR 

4 
HEMISPHERE 


Fip.  453.  -Diagrammatic  representation  of  dorsal  aspect  of  medulla,  pons,  and  mid-tain. 


with  the  vagus,  with  the  superior  cervical  ganglion  of  the  sympa- 
thetic and  with  the  upper  cervical  nerves. 

Distribution. — This  nerve  is  the  motor  nerve  to  the  muscles 
connected  with  the  hyoid  bone,  including  those  of  the  tongue, 
It  supplies  through  its  descending  branch  (descender**  noni)y  the 
sternohyoid,  sterno-thyroid,  and  oino-hyoid ;  through  a  special 
branch,  the  thyrohyoid,  and  through  its  lingual  branches,  the 
genio-hyoid,  styloglossus,  hyo-glossus,  and  genio-hyo-glossus  and 
linguales. 

As  a  motor  nerve,  its  influence  on  all  the  muscles  enumerated 
above  is  shown  by  their  movements  when  it  is  irritated,  and  by 
their  loss  of  nowev  \vl\e\\  \t  y&  toctoX^^A. 
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A  mere  enumeration  of  the  destination  of  the  nerves  arising 
in  the  bulb  shows  how  supremely  important  this  small  area  of  the 
bain  is  for  carrying  on  tin  organic  functions  of  life.  It  oanftfttsu 
ires  which  regulate  deglutition,  vomiting,  the  Mention  of 
saliva,  sweat*  &Q.,  respiration,  the  heart's  movri  units,  and  the 
vasomotor  nerves. 

The  Internal  structure  of  the  Bulb,  Pons,  and 
Mid -brain. 

The  structure  of  the  interior  of  these  parts   is  best  studied 

in   a  series  of  transverse  sections,      We  will   limit   mi  selves  to 

:i,  the  level  of  which  is  indicated  in  fig.  455.     The  cerebellum 


Pig.  454  ■— Section  through  the  bulb  at  thu  level  of  the  decussation  of  the  pyramids.  n,  funi- 
11] us  gracilis,  runtin uutii m  of  column  of  (mil  ;  c.  funiculus  cuneatus.  continuation  of 
column  of  Burdoch ;  u,  substantia  gelatinosa  of  Rolando,  continuation  of  posterior 
horn  of  npinnl  cord ;  l,  continuation  of  InUrui  column  of  cord ;  a,  remains  of  port  of 
the  anterior  horn,  separated  from  tbf<  rati  of  tbw  tf«ry  matter  by  the  pyramidal  tfbres  i% 
which  are  crossing  from  the  pyramid  of  the  medulla  to  the  posterior  part  of  the  lateral 
column  of  the  opposite  side  of  the  cord,    (After  L.  Clarke.) 


has  been  bisected  into  two  halves  and  turned  outwards,  its  upper 
peduncles  cut  through  to  render  the  parts  more  evident.  The 
position  of  our  seven  sections  is  indicated  by  the  transverse  lines 
numbered  1  to  7, 

First  section. — This  is  taken  at  the  lowest  level  of  the  bulb, 
through  the  nirimi  of  the  decussation  of  the  pyramids.  The 
similarity  to  the  cervical  cord  will  be  at  once  recognised  ;  the 
passage  of  the  pyramidal  fibres  (P)  from  the  auterior  part  of  the 
bulb  to  the  crossed  pyramidal  tract  of  the  opposite  side  of  the 
cord  cuts  off  the  tip  of  the  anterior  horn  (A),  which  in  sections 
higher  up  appears  as  an  isolated  mass  of  grey  matter!  called  the 
lateral  mtdetu  (fig,  455,  nl).  The  V  formed  by  the  two  posterior 
horns  is  opened  out,  and   thus  the  grey  matter  with  the  central 
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canal  is  brought  nearer  to  the  dorsal  aspect  of  the  bulb ;  the  tip 
of  the  cornu  swells  out  to  form  the  $ubtt*ntia  gdatiwm  <• 
Rolando  (R),  which  causes  a  prominence  on  the  surface  called  the 
tubercle  of  Rolando  ;  G  and  C  are  the  funiculi graciiU  and  c**«fw 
respectively,  the  continuations  upwards  of  the  columns  of  GoD 
and  Burdach. 

Second  section. — This  is  taken  through  the  upper  part  of 
the  decussation.     Beginning  in  the  middle  line  at  the  top  of  the 


Fig.  !><;.— Trans  verso  Hcction  of  the  medulla  oblongata  in  the  region  of  the  wpericr 

drcuHsation.    a.mj.,  anterior  median  fissure ;  f.a.,  superficial  arcuate  fihroa  < "i— 

from  the  fiwuire ;  ;>y.,  pyramid ;  n.a.r.,  nuclei  of  arcuate  fibres ;  /.a1,  deep 
tibrvs  becoming  superficial ;  o%  o\  lower  end  of  olivary  nucleus ;  n.  J,  nucleus! 
./>.,  formatio  reticularis ;  f.a%,  arcuate  fibres  proceeding  from  the  formatao  I 
laris;  y,  substantia  gelatinosa  of  Rolando;  a.V.f  ascending*  root  of  fifth  acne; 
/.<•.,  funiculus  cuiifatiiM ;  n.e.t  nucleus  cuneatus ;  n.c.\  external  ouneate  nude* ; 
w.y.,  nucleus  gracilis;  /.?.,  funiculus  gracilis;  p.m.J.,  posterior  median  Asm*; 
r  .<-. ,  central  caual  surrounded  by  grey  matter,  in  which  are  w.-YJ.,  nucleus  of  the  v  * 
accessory,  and  «.A7/.,  nucleus  of  the  hypoglossal :  s.ef.,  superior  C  ---"—  '*— 
tion  of  fillet;.    (Modified  from  Srimlbe.) 


diagram,  we  see  first  the  posterior  median  fissure  (p.m.f.)9  below 
which  is  the  prey  matter  enclosing  the  central  canal  (r.c),  and 
containing  the  nuclei  of  the  eleventh  and  twelfth  nerves;  the  funi- 
culus gracilis  (/.//.)  comes  next,  and  then  the  funiculus  cuneatus 
(f.c.)  ;  these  two  funiculi  have  now  grey  matter  in  their  interior: 
these  masses  of  grey  matter  are  called  respectively  nucleus  gracUu 
(n.g.)  and  nucleus  cuneatus  (n.c.)'y  the  fibres  which  have  ascended  the 
posterior  columns  o(  the  vioxd  tarc&vrato  Ys^  «xtar\&u\^  around  the 
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cells  of  this  grey  matter;  the  fibres  from  the  lower  pill  oi  ' 
body  end  iu  the  nucleus  gracilis,  and  those  from  the  upper  pert 
«»f  the  bodj  in  the  nucleus  cuneatus.     These  nuclei  form  a  most 
impoi  osition  of  relay  in  the  course  of  the  afferent  fibres 

from  cord  to  Ijnihi.  The  m  w  fibres  arising  from  the  cells  of 
these  nuclei  pass  in  a  number  of  different  directions,  and  break 
up  the  rest  of  the  grey  matter  into  what  ii  called  the  formaita 
reticularis  The  fibres  may  be  divided  into  three  main  *rronps  ; 
they  are  termed  arcuate  fibres. 

i.  The  external  Ofeuafd  fibres  (/",  /a*)  course  round  the  ven- 
tral surface  of  the  bull*. 

2,  Some  of  these  turn  round  sharply  (fa~)  to  the  restiform 
body  of  the  same  lida 

3.  The  internal  arcuate  fibres  are  those  which  pass  into  the 
formatio  reticularis  and  cross  with  tlirir  fellows  at  the  median 
raphe,  forming  what  is  sometimes  called  the  mtpericr  pyrntni<t'tl 

lion  (f.rf.),  but  which   should   be   u;nri>  properly  called  the 

\mation  of  thtjUUk  The  fillet  fibres,  after  having  crossed  ti- 
the other  aide,  become  a  longitudinal  bundle,  which  lies  just  dorsal 
to  the  pyramid  (py\  and  passe*  upwards  to  various  parts  of  the 
cerebrum,  passing,  however,  through  one  Or  more  cell  stations 
( |K>sitioos  of  relay)  before  ultimately  arriving  at   the  cortex. 

We  now  see  that  the  brain  has  a  crossed  relationship  to  the  body, 
the  left  half  of  the  brain  governing  the  riidit  half  of  tin  \«n]\\ 
and  ',  1>oth  as  regards  motion   and  sensation  ;  the   motor 

fibres  mostly  eros*  ;»t  the  decussation  of  the  pyramids,  some  few 
(those  in  the  direct  pyramidal  tnmt)  crossing  at  lower  levels  hi 
the  con!  ;  the  sensory  fibre*  mostly  en..-,  at  the  decussation  of 
the  lillet,  though  some  few  cross  at  lower  levels  iu  the  cord,  soon 
after  their  entrance  into  the  cord  by  the  posterior  nerve  roots. 

Other  points  to  la*  noticed  in  the  section  are  the  substantia 
gelatinosa  of  Itolando  ('/)  (remains  of  posterior  eornu  of  the  cord), 
now  separated  from  the  surface  by  tlie  ascending  root  of  the  hfth 
nerve  (a  V);  the  lateral  nucleus  in  /)  (remains  of  the  anterior 
oornu  of  the  cord)  ;  the  lower  part  of  the  grey  matter  of  the 
olivary  body  (*>,  o1),  and  most  anteriorly  the  pyramid  iff)* 

Third  flection. — This  (rig.  456)  is  taken  at  about  the  middle 

of  the  olivary  holy,  and  [Kisses  also  through  the  lower  part  of  the 

floor  of  the  fourth  ventricle.  The  centra]  canal  has  now  opened  out 
into  the  fourth  ventriele,  and  the  grey  matter  on  its  floor  contains 
the  nuclei  of  the  twelfth  and  tenth  nerves  ;  bundles  of  the  fibres 
of  tliese  nerve-  course  through  the  substance  of  the  bulb,  leaving 
it  at  the  places  indicated  in  the  diagram. 

The  Duoleofl  -me/%  nucleus  cuiieatus,  and  tubercle  o\  Ytdtax^ft 
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are  pushed  into  a  more  lateral  position ;  the  restiform  My  (Cr.) 
now  forms  a  well-marked  prominence,  and  the  olivary  body  L» 
well  seen  with  its  dmtate  nucleus  ;  from  the  open  mouth  of  this 
corrugated  layer  of  grey  matter  a  large  number  of  fibres  ma, 
and  passing  through  the  raphe,  course  as  internal  arcuate  film 
to  the  opjjosite  restiform  body,  and  thus  to  the  cerebellum ;  sane 
pass  to  the  restiform  body  of  the  same  side;  the  continuation  of  tk 


n.&m 


nor. 


Fig.  4  <;6.— Section  of  the  medulla  oblongata  at  about  the  middle  of  the  otnvytsfe. 
fJ.'i.,  anterior  median  fissure;  n.ar.,  nucleus  arcuaius;  p,  pyramid:  XII„  boss* 
of  hypocrloa.ial  nerve  emerging  from  the  surface ;  at  6,  it  is  seen  eounmg  betas  fe 

Eyramid  and  the  olivary  nucleus,  o;  /.a.c.f  external  arcuate  fibres;  «J.f  ndn 
iteralu  ;  «..  arcuate  fibres  passing  towards  restiform  body,  partly  throngs  u*  asV 
stantia  gelatinosa,  .7..  partly  superficial  to  the  ascending  root  of  the  fifth  nem.«.r.; 
A'.,  bundle  of  vagus  root  emerging ;  /.r.,  formatio  reticularis ;  C.r.t  corpus  wsr*" 
beginning  to  be  formed,  chiefly  by  arcuate  fibres ;  superficial  and  deep ;  mx~ 
cuneatus  ;  ».y.%  nucleus  gracilis ;  t,  attachment  of  the  ugula ;  /.#..  funiculus  Mtawn; 
u.X.,  „.x.\  Vko  parts  of  the  vagus  nucleus ;  a. XII.,  hypoglossal  nucleus ;  »x,  Bads* 
of  the  funiculus  teres ;  n.am.,  nucleus  ambiguus ;  r.,  raph£  ;  A.%  contmuatkaaf  tk 
anterior  column  of  cord  ;  o,  o",  accessory  olivary  nucleus  :  p.o.t^  peduncuhu  afar. 
(Modified  from  Schwalbe.) 


direct  cerebellar  tract  of  the  cord  also  passes  into  the  restifom 
body.  Its  fibres  terminate  by  arborisations  round  Purkinje's  cells  d 
the  vmni*  of  the  cerebellum.  The  funiculus  solitarius  andnudm 
timfjiyuvs,  also  seen  in  this  section,  have  been  already  alluded  to 
in  our  account  of  the  origin  of  the  cranial  nerves  (p.  612). 

Fourth  section. — This  is  taken  through  the  middle  of  the 
pons,  and  shows  much  the  same  kind  of  arrangement  as  in  the 
upper  part  of  Uui  \>y\\\>.    T\\c  vis\\<rwwV  w^eaxaxice  of  the  section 
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is,  however,  modified  by  a  number  of  transversely  coursing 
In  indies  of  fibres,  most  of  which  are  parsing  from  the  cerebellar 
hemispheres  to  the  raphe,  and  form  the  middle  cerebellar 
peduncles.  Intermingled  with  these  is  a  oonrideraMe  amount  of 
rey  matter  (nuclei  jxmtix).  The  continuation  upwards  of  the  pyra- 
mids (fig,  457,  />y)  is  embedded  between  thoee temevenw  bundles, 
Slid  separated  by  them  from  the  reticular  formation  ;  the  deeper 
transverse  fibres,  which  form  the  trapezium  (t)%  connect  the  supc- 


17// 


.  t  ^7  —  Section  across  the  pons,  about  the  middle  of  the  fourth  ventricle.  jty.%  pyramidal 
bundle* ;  jjom  transverse  fibre*  passing  /»", ,  behind,  mud  pot,  in  front  of  py  ;  r>,  raphe  j 
0.*.,  superior  olive;  n.F.,  bundles  of  a«««ndm£  root  of  J\  nerve  enclosed  in  ft  pro- 
lonjpntion  of  the  substance  of  Rolando  ;  t,  trap-zmm  j  T/,t  the  sixth  nerve,  n.  VI.,  fa 
nucleus ;  VI L,  facial  nerve  ;  VII a ..  intermedial**  pnrtlan,  «. r / J, T  Us  nucleus;  K///.. 
auditory  nerve,  n,  r//7,,  lateral  nucleus  of  the  auditory.    [After  Uunm.  1 


ior  olivary  nucleus  of  one  side  to  the  accessory  auditory  nodeUfl 
the  other  side.  The  large  olivary  nucleus  is  no  longer  mfflj 
it  one  or  &W0  mi  in  11  collections  of  gjcy  matter  (o.s.)  represent  it, 
id  constitute  the  superior  olivary  nwleus.  The  nerves  taking 
■igin  in  this  region  of  the  floor  of  the  fourth  ventricle  are  the 
sth,  seventh,  and  eighth.  The  fifth  nerve  originates  higher 
.ij>,  where  the  ftoof  el  trie  fourth  Ventricle  is  narrowing,  till  at 
at,  in  the  region  of  the  mid-brain,  we  onoe   more   get  a  canal 

Sylvian    aqueduct)   corresponding    to    tlie    eentrul    canal   of    the 

l»inal  cord. 
The  reticular  formation  between  the  grey  floor  of  the  ventricle 

id    the    trapezium   is  a  continuation   upwards  of  tihs  YvrV\c\\kvc. 
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formation  seen  in  previous  sections.  It  consists  of  white  fibre 
passing  transversely  in  different  directions,  between  which  thee 
are  fibres  running  longitudinally,  and  a  considerable  amount  of 
grey  matter.  In  such  a  complex  system  of  intercrossing  fibres^ 
is  extremely  difficult  to  separate  any  definite  tracts,  but  there  in 
at  least  two  longitudinal  tracts  of  fibres  in  it  which  a  little  higher 
up  in  the  mid-brain  are  separated  off  from  the  rest ;  one  of  the* 
is  the  fillet,  the  origin  of  which  in  the  nuclei  gracilis  and  cnntttu 
of  the  opposite  side  we  have  already  seen ;  the  other  is  the 
posterior  longitudinal  bundle,  which  is  stated  by  some  to  be  i 
continuation  upwards  of  some  of  the  fibres  of  the  anterior  column 
of  the  cord  ;  it  certainly  contains  fibres  connecting  the  nuclei  of 
the  third  and  sixth  nerves.     These  are  shown  in  the 

Fifth  and  Sixth  sections,   which   are   taken  through  the 
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Fig.  4^8.— Outline  of  two  sections  across  the  mid-brain :  A,  through  the  middle  of  to 
inferior;  B,  through  the  middle  of  the  superior  corpora  qnadrigesunt  C& 
'V.,  crusta  ;  8.N.,  substantia  nigra— shown  only  on  one  side;  T,  tctnafaa; 
8,  Sylvian  anueduct,  with  its  surrounding  grey  matter ;  L.  O..  lateral  gmst; 
/>.'.,  posterior  longitudinal  bundle;  d.V%  descending  root  of  the  fifth  nerrt;  SjCJ- 
superior  ceivbt'llar  peduncle ;  F,  fillet ;  HL.  third  nerve.  The  dotted  ehdt  a  B 
represent*  the  situation  of  the  tegmental  nucleus.  In  B  the  three  dmaosscf  fe 
cruxta  are  indicated  on  one  side.  The  pyramidal  fibres  (fjr >  are  in  the  niddk.ai 
the  fronto-cerebellar  (F.C.)  and  temporo-oocipital  cerebellar  (T.O.C)  at  tat  ate. 
'After  Schilf or.} 


mid-brain,  and  are  drawn  on  a  smaller  scale  than  the  others  we 
have  been  examining ;  they  represent  the  actual  size  of  the  sec- 
tions obtained  from  the  human  subject. 

Near  the  middle  is  the  Sylvian  aqueduct,  with  its  lining  of 
ciliated  epithelium.  In  the  grey  matter  which  surrounds  it  are 
large  nerve-cells,  from  which  the  fourth  nerve,  and  higher  up  the 
third  nerve,  originate ;  the  fibres  of  the  third  nerve  are  seeo 
issuing  from  these  in  fig.  458,  B  III.  The  reticular  formation  of 
the  pons  is  continued  up  into  the  mid-brain,  and  is  called  the 
tr;/M<'HtuM.  Its  transverse  fibres  include  the  decussating  fibres  of 
the  *ttj*-rior  peduncles  0/ the  cerebellum.  The  fibres  of  the fillet  partly 
pass  in  an  oblique  miuw^T  to  \\\^  *>\4&  ^l  ^\\<*  mid-brain,  and  ter- 


cats. 

minate  in  the  grey  matter  of  the  corpora  quadrigemina  (0  Q)  ; 
this  is  called  the  lateral  fillet ;  the  rest  of  the  fillet  {mesial  fi-fht) 
goes  on  through  the  cms,  and  hafl  been  traced  into  the  optic 
thalamus ;  from  here  fresh  nerve-fibres,  forming  a  new  relay,  eon- 
tinue  the  afferent  impulses  to  the  cortex  of  the  cerebrum. 

The  pyramidal  bundles  of  the  pons  are  continued  upwards,  and 
Iptm  the  middle  third  of  the  eritf&l  (or)  or  pes.  The  crusta  aud 
tegmentum  are  separated  by  a  layer  of  grey  matter  called  the 
substantia  nigra  (5  N).  There  is  also  grey  matter  in  the  let: 
im  itself,  which  is  called  the  tegmental  or  red  nucleus. 
The  cm-pi  tina  are  formed  mainly  of  grey  matter  j 

am  each  a  bundle  of  white  fibres  passes  upwards  and  forwards* 
the  geniculate  bodies,  eventually  joining  the  optic  tract  of  the 
ae  side.     The  white  layer  on  the  surface  of  the  grey  matter  of 
quadrigemina  is  derived  from  the  optic  tract;  these  fibivs 
ame  from  the  retina,  and  terminate  by  arborising   around  the 
ells  of  the  grey  matter  of  the   0,  quadrigemina.      The  further 
■Littonships  of  these  parts  of  the  brain  we  shall   study  in  con- 
aection  with  vision. 

Seventh  section* — This  m  through  the  cms.  It  is  made  up 
crnsia  (which  contains  the  motor  fibres), 
itum  (which  contains  the  sensory  fibres, 
specially  the  bundle  called  the  mesial  fillet), 
id  the  substantia  nigra^  the  grey  matter 
vhich  separates  them. 
The  destination  of  one  of  the  spinal  cord 
nets  we  have  not  yet  mentioned  j  this  is 
le  tract  of  (lowers.  This  is  continued  up 
irough  the  ventral  part  of  the  pons  lateral 
the  pyramidal  bundles  ;  when  it  reaches 
ic  superior  cerebellar  peduncles  the  main  part  of  the  tract 
ikes  a  sharp  backward  turn  and  enters  the  middle  lobe  or 
its  of  the  cerebellum  by  the  superior  peduncle  aud  superior 
medullary  velum.  Some  of  the  fibres  of  the  tract  are  OQlltillliad, 
[>wevcr,  into  the  corpora  quadrigemina. 
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Cr 


Fig,  4  nq.— Section  through 
crui  of  oerehrum 


crua  i 

cnurta;  8,N,tnubetiuitia 

nigra ;  T,  tegmentum 
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CHAPTER    XLV, 

BTRUOTUBK    hF    THE    OBB&BSIJ 

Tfll  Cerehellum  is  composed  of  an  elongated  central  portion c 
lobe,  called  tin-  vermis  or  vermiform  process,  and  two  bemispham 
Kii.li  hemisphere  ti  connected  with  its  fellow,  do  .  nuaos 

of  the  vermiform  process,  but  also   by  a   bundle  of  fibn»  o»Qd 
tli &mid db  (< tcfottte  (the  latter   form  in:;    the   greater   part  of  tin 


Fig.  460.— Cerebellum  in  sectiou  and  fourth  ventricle,  with  the  1 
median  groove  of  fourth  ventricle,  ending  below  in  the  cntamtaTi 
longitudinal  eminence*  formed  by  the  faseiettli  t*rtt+s,  one  on  eac 
gloom  at  the  place  where  the  white  eitre&kit  of  the  audi  to  i- 
crow  the  floor  of  the  ventriclu  ;    _\,  inferior  ctuk  or  peduncle  of  the  < 
by  the  reatiform  body:   4,  funiculus  gracilis ;    above  tlii*  i*  tlu-  ai«„ 
5,  superior  crua  of  cerebellum  ;  6,  6,  fillet  to  the  aide  of  the  orum  cerebri  ;  jr.  -.  Uknl 
grooves  of  the  crura  cerebri ;  8,  corpora  quiidrigemina.    (From  8«ppcry  after  T~ 
ladLeveffle;] 


transverse  fibres  of  the  pons  Varolii),  while  the  ntpertar  pedt 
which  decussate  in  the  mid-brain,  connect  it   with   the   - 
(5,  fig,  460),  and  the  inferior  peduncle*  (reatiform  bodies)  com 
it  with  the  medulla  oblongata  (3,  fig.  460). 

The  cerebellum  is  composed  of  white  and  i;rey  matr 
Latter  being  external,  like  that  of  the  cerebrum,  and  like  it, 
infolded,  so  that  a  larger  area  may  be  contained  in  a  given  apata 
The  convolutions  of  the  grey  matter,  however,  are  arrangd 
after  a  different  ^&t£eTn,»  ba  "&W«w  m  ^\%.    \C>«^     TW.  tx*&4ike 


ifanoi 
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arrange  men  t  of  the  white  matter  has  given  ri*o  be  the  name 
arbor  vita.  Besides  the  grey  substance  on  the  surface,  there  are, 
in  the  cent  re  of  the   white   substance   of   each    hemisphere,    small 

isaes  of  grey  mutter,  the  largest  of  which,  called  the  vorpm  dm 
m  (fig.  461,   ed)9  resembles  very  dofedy  the   cor/nm  dentatum 
of  the  olivary  body  of  the  medulla  oblongata  in  appearance. 

If  a  section   is    taken    through  the    cortical    portion    of    the 

cbellurn,  the  following  distinct  layers  can  be  seen  (fig,  462)  by 
n  tiOOpic  examination. 

Underneath  the  pia  mater  is  the  exierttal  layer  of  grey  matter  ; 
it  is  formed  chiefly  of  fine  nerve-fibres  with  small  nerve-cells 
scattered  through  it.      Into  its  outer  part,  processes  of  pia  mater 


Fig.  i   i  ketch  of  ft  section  of  the  cerebellum,  showing  the  corpus  dentatum  ♦ 

The  section  han  bwn  carried  through  the  left  lateral  part  of  the  pons,  .-mi  as  to  divide 
ipc nor  peduncle  and  pass  nearly  through  the  middle  of  the  left  cerebellar  hemi- 
sphere. The  olivary  body  has  also  been  amded  longitudinally  so  as  to  expose  in 
section  its  cerpma  rtmtmtltm,  sr,  crua  eerehri;  /,  fillet:  fa  cortxira  quadrigemina ; 
s  »,  superior  pedunde  of  the  cerebellum  divided  ;  *  •,  middle  peduncle  or  lateral  part 
■•  pons  "Varolii,  with  fibre*  pawung  from  it  into  the  white  stem ;  a  <%  continuation 
of  the  white  Kteni  radiating  towards  the  arbor  vifcre  of  the  folia:  e  d,  corpus  den- 
tut  um  ;  1%  olivary'  body  with  its  corpus  dentatum  ;  p,  pyramid.    (Allen  Thomson.)    ]. 


vertically  ;  these  convey  blood-vessels,  There  are  also  heir 
numerous  long  tapering  neuroglia-cells.  The  internal  or  granular 
layer  of  grey  matter  is  made  np  of  a  large  ti umber  of  small  nerve- 
cells  mixed  with  a  few  larger  ones,  and  some  neuroglia-cells. 
Between  the  two  layers  is  an  incomplete  stratum  of  large  flask- 
shaped  cells,  called  the  cells  of  Purkinje*  Each  of  these  gives 
off  from  its  base  a  fine  process  which  becomes  the  axis-cylinder 
of  one  of  the  medullated  fibres  of  the  white  matter  j  the  neck  of 
the  flask  passing  in  the  opposite  direction  breaks  up  into  dendrites 
which  pass  into  the  external  layer  of  grey  matter.  By  (Jolgi's 
method  (fig.  463)  these  dendrons  have  been  shown  to  spread  out 
in  planes  transverse  to  the  direction  of  the  lamella*  of  the  organ. 

Each  cell  of  Purkinje  is  further  invested  by  arborisations  of 
two  sets  of  uerve-fibres.  One  of  these  (originating  from  the  fibres 
of  the  white  matter  which  are  not    continuous  a&  a^\&^YwAfcx& 
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from    tliu    odli    of    r«i t kiuje)    forms  a    backer 
'JcndroDB ;  the  Other  (originating  as  axis-cylinder  process*®  from 
the  uerve-cella  of  the  external  layer)   forms   a   felt-work  of  fibrilt 
round  the  body  of  the  cell 


Fig.  46*.— VcrUnU  section  of  do&'s  cercbeUum ;  p  w,  pi*  n 
which  arc  branched  oerve-ceibj  lyin^  in  a  single  layer  ■ 
downwards  and  more  numerous  one*  now  1  1 
through  tho  external  •* molecular  lay*r^  towards  I 
layer  of  small  n»-n  e-eelk ;  /« layer  of  nerve-fibres*  with  1 
This  lact  layer  (//)  constitute*  part  of  the  wh\u  matter  o 
la  vers  betwwaa  it  and  tbe  tt*fe  surtax  a-  *  <u*-%  w»»*k  .    ^ 
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STRUCTURE  OF  THE  CEREBRUM. 


The  cells  of  the  internal  layer  <►!  invv  matter  are  small  ;  their 
dendrites  intermingle  with  those  of  neighbouring  cells;  their  axons 
penetrate  into  the  externa]  Layer,  but  their  final  destination  ifl 


IL 


Fig.  4 15 j , — Section  of  cerebellar  cortex,  stained  by  Golgi*B  method ;    r.  ti 
lamina ;  fz.  in  the  direction  of  the  lamina ;  a,  outer  or  molecular  la; 


taken  across  the 
ijer;  h,  inner  or 
granular  layer ;  c,  white  matter,  a,  Cell  of  Purkinje  ;  h,  Kmall  celbi  of  inner  layer ;  a, 
dendrona  of  these  cells ;  ttt  axis-cylinder  process  of  one  of  these  cells  twoining  longitu- 
dinal in  the  outer  layer ;  f.  bifurcation  of  one  of  these ;  gt  a  similar  cell  lying  in  the 
white  matter.     (Ramon  y  Gajal.} 


uncertain.      Ramifying  alHODg   thesi-  OClb  are  fibres  eharaeli 

by  poeooMiog  bunohefl  of  short  branohei  at  iniervabi  (moss-fibres 


erf  Cajal), 


CHAPTER    XLVL 


STRUCTURE  OF  THE  CEREBRUM. 


Tue  large  size  and  complexity  of  the   cerebrum  distinguishes 
the  brain  of  man  from  that  of  the  lower  animals  ;  the  amount  oj 
convolution  of  its  surface  correspmds  roughly  with  the  stag] 
intelligence. 

The  cerebrum  consists  of  two  halves  called  ctrtlral  heini*phn*t&, 
separated  by  a  deep  longitudinal  fissure  and  connected  by  a  large 
baud  of  transverse  commissural  fibres  known  as  the  corp^ccdlovam. 

stfc 
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Tlic  interior  of  each  hemisphere  contains  a  cavity  of  compUatai 
shape  mi  '  "e  lateral  ventricle*  open  mto 

the  third  ventricle.     The  corpua  callosuni  is  shown  is 


Fig,  404.- View  of  the  Corput  Callosum  from  above,     j -  — The  upper  mute*  of  th*  «rss 
callotrum  has  been  folly  exposed  by  separating  the  cerebral  heinispherss  wdttrwar 
them  to  the  side  ;  the  gyrus  fornicatu*  h««  been  detached,  and  th*  tin 
the  corpus  callosuni  traced  for  some  dmtanee  into  the  cei  ebral  medn 
i,  the  upper  surface  of  the  corpus  callosum  5  a,  median  furrow  or  1 
strue  bounding  the  furrow ;  4,  swelling  fosmed  by  the  tram- 
into  the  r>  nrknee  of  the  corpi 

extremity  ;  7,  anterior,  and  S,  posterior  part  of  the  uuus>  of  fibres  j 
corpua  call ix ui ti ;  9.  margin  of  the  « welling  ;  xo.  anterior  part  of  the  < 
corpus  callotaim  ;    11,  hem  or  band  of  union  of  this  con 
volutions  of  the  parietal  lobe  ;    i.u  upper  surface  of  the  cerebellum. 
Foville.) 

The  next  figure  (fig.  465)  repr  dissected  brain  in  *hxk 

the  corpus  callosum  has  been  removed  ;  the  ventricles  an  ^i» 
exposed. 

Each  hemisphere  is  covered  with  gray  matter,  which  pne 
down  into  the  fissures  r h.-it  abound  on  its  exterior.  ThistufiMi 
grey  matter  is  called   the  cerebral  The  amount  of  tka 

grey  matter  varies  directly  with  the  amount  of  1  .••involution  oflk 
surface.      Under  it  white  matter  is   situated;    BJ  -  he  tnst 

there  axe  mttwoa  di  ^c^  tmAXax  \  y&x\.  <A  \.W&e,  ?*wil  <#inqtm  at 
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seen  forming  part  of  the  wall  of  the  ventricles.  The  anterior 
basal  L'an^linii  »-  called  the  mrpim  striatum  ;  it  is  divided  fctO 
two   parts  called   the   lenticular  or  fxtrartntriruhf,    nutta**,    ami 


■een 
bosa 

tw,» 


Fig- .  <-■--,.  Dissection  of  bruin,  from  Above,  exposing  th e  hit*  r» I ,  tou rtfa , and  Aft h  ventricles 
with  the  surrounding'  part?*,  $-— ",  anterior  part,  or  jr«u  of  BfWlHIl  eallosum  ;  &j  corpus 
striatal  ;  *\  the  corpus  striatum  of  left  *iuV\  dissected  so  ait  to  expose  its  grey  sub- 
stance ;  t,  point*  by  a  line  to  the  taenia  semicircularis ;  dt  optic  thalamus  :  *f  aj 
pillar;*  «d  fornix  divided  ;  below  they  are  seen  descending  in  front  of  the  third  ventricle, 
uid  ImIphui  them  Ka  n«D  p»irt  al  the  anterior  commissure ;  in  front  of  the  letter  «  is 
neen  the  slit-like  afth  ventricle,  between  the  tigo  laminie  of  the  wptuai  lucidum;/, 
oof t  ot  middle  commissure ;  g  m  placed  in  the  posterior  part  of  the  third  ventricle  ; 
immediately  behind  the  latter  are  tho  posterior  commissure  (just  visible)  sod  the 
pineal  gland,  the  two  crura  of  which  extend  forwards  atom?  the  inner  and  upper 
mnnrins  of  the  optic  thalami ;  A  and  f,  the  corpora  quadrigemina  ;  k,  superior  cms  of 
cerebellum ;  clone  to  It  is  the  valve  of  Vieussens,  which  has  been  divided  so  as  to 
expose  1  be  fourth  ventricle;  h  hippocampus  major  and  corpus  flmbriatum,  or  ta»uia 
hippocampi  j    ™,  hippocampus  minor  ;    a,  erainentin  collater&lis  ;    o,  fourth  ventricle : 

{>,  posterior  surface  of  medulla  oblongata  ;  r,  section  of  cerebellum ;  t,  upper  part  of 
eft  hendsphere  of  cerebellum  exposed  by  the  removal  of  part  of  the  posterior  cerebral 
lobe.    (Hirschfeld  and  Leveillc.) 


the  ccntda&s  or  wUrttPiiUHcuiaf  ntft&ttt  It  has  receive*!  the 
hitter  name  because  it  is  seen  in  the  interior  of  the  ventricle. 
The  posterior  basal  ganglion  is  called  the  optic  rtflfamw. 

Passing  up  between  the  basal    ganglia  are   the   white    fibres 
which  enter  the  cerebral  hemisphere  from  the  crus  ;  these  cow&iv- 

*  as. 


6*8 


sTKi  BRUM, 


ce  an 


tute  the  fetor*  This  passes  in  front  between  ttetao 

Babdi visions  of    the   corpn-  ind    behind   between  & 

optic  tliulnijiis  and  the  lenticular  nucleus  uf   the  corpus  ftriatmn 

The  relationship  ofthc.se  parts  is  best  seen  in  a  vertical  «ed*e ; 
such  as  u  ited  in  the  next  diagram. 

One  hemisphere  ia  seen,  with  portions  of  the  other.    Tbenr> 
face  darkly  shaded  indicates  the  j^rey  matter  of  the  cartel,  i 
passes  clown  into  the  fissures;  one  very  extensive  apt 


r-vUl 


vW 


Fig.  466.— Vertical  *c<  tion  through  the  cerebrum  And  basal  ganglia  to  show  tite  r 
of  the  latter,  «s  cerebral  con  volutions ;  c.c>,  corpus  callosiun ;  1  .L,  1  ' 
/,  fornix ;  »///.,  third  ventricle ;  *£.,  caudate  nucleus  ;  thy  optic  »i»-i— f 
cular  nucleus;  <:.».,  internal  capsule;  i-r.,  claustrum  ;  c.«M  external  capsule;  a,  flsf* 
mamznilliu-e  ;  t.o.,  optic  tract ;  v.t.L,  ttria  terminal  in  ;  ».a.,  nucleus  amygdala ;  sassl 
oommisHurt- ;  m.i.,  island  of  Rril.    (6chwalbe.) 


tions  (cat.)  passes  cleeidv  into  the  substance  of  the  hemiapuot; 
this  is  called  the  Island  of  lieil  ;  the  lowest  stratum  of  gnj 
matter  is  separated  from  this  to  form  a  narrow  isolated  strip 41 
grey  matter  called  the  claustrum  (rL)t  In  the  middle  line  km 
above  down  are  seen  the  great  longitudinal  fissure  ertendkis  v 
far  as  (c.c.)  the  corpus  callosum,  the  band  of  white  matter  thai 
tonus  the  great  commissure  between  the  two  hemisphere* ;  W- 
ncath  this  are  the  la  tend  ventricles  which  communicate 
foramen  of  Monro  with  the  third  ventricle  :  the  fornix  is  indicated 
by  the  letter/.  Contributing  to  the  floor  of  the  lateral  re* 
tricle,  one  next  sees  the  optic  thalamus  {th.)t  and  the  tail  em) of 
the  nucleus  caudatus  («.r.) ;  the  section  being  taken  somewbt 
posteriorly.     Tl\e    Y\wctav\&  Wt\^v\Lwri&  la  marked   nl, ;    and  iht 
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band  of  white  fibres  passing  up  between  it  and  the  thalamus  is 
called  the  internal  capsule  (c.i.) ;  the  narrow  piece  of  white  matter 
between  the  clauatrum  and  the  lenticular  nucleus  is  called  the 
external  capsule. 

I  tor  the  student  of  medicine  the  internal  capsule  is  one  of  the 
most  important  parte  of  the  brain.  Into  it  are  nmtitiued  Dp  the 
fibres  which  we  have  previously  traced  as  far  as  the  cms  cerebri  ; 
the  motor-fibres  of  the  crusta  are  continued  into  the  anterior  two* 
thirds  of  its  posterior  limb  (i.t\  behind  the  genu*  in  fig.  467); 
the  sensory  fibres  of  the  tegmentum  into  the  posterior  third  of 
this  limb.  When  these  fibre-  l>  t  beyond  the  narrow  pass  between 
the  basal  ganglia,  they  spread  out  in  a  fun  like  manner  and  arc 
distributed  to  the  grey  cortex;  the  motor-fibres  going  to  the  motor 
convolutions  around  the  fissure  of  Rolando;  the  sensory  fibres  to  the 
same  convolutions  and  also  to  others  behind  these  which  are  asso- 
ciated with  special  sensations.  The  name  corona  radfata  fa  applied 
to  the  fan-like  spreading  of  the  fibres  ;  the  fibres  as  they  pass 
through  the  handle  of  the  fan,  or  internal  capsule,  communicate 
with  the  nerve-cells  of  the  grey  matter  of  the  basal  ganglia  ;  the 
pyramidal  fibres  on  their  way  down  to  the  medulla  and  cord  from 
the  motor  areas  of  the  brain  send  oft"  collaterals  or  side  branches 
which  arborise  around  the  cells  of  the  corpus  striatum,  and  to 
a  lesser  degree  around  those  of  the  optic  thalamus ;  the  axis- 
cylinder  processes  of  these  cells  pass  out  to  join  the  pyramidal 
tract  on  its  downward  course.  The  sensory  fibres  on  their  way 
up  may  pass  Btraight  on  to  the  cortex,  but  the  majority ,  especially 
those  in  the  fillet,  terminate  by  arborising  round  the  cells  of  the 
optic  thalamus,  and  in  the  subthalamic  area.  This  in  fact,  is 
another  cell-station  or  position  of  relay  :  the  fibres  passing  out 
from  the  cells  of  the  thalamus  continue  the  impulse  011  to  the 
cortex. 

The  importance  of  the  internal  capsule  is  rendered  evident 
when  one  considers  the  blood  supply  of  these  parts ;  at  the 
tericr  ami  posterior  jterf orated  spots,  numerous  small  blood-vessels 
enter  for  the  supply  of  the  basal  ganglia,  and  these  are  liable  to 
become  diseased,  and  if  they  rupture,  a  condition  called  apoplexy 
is  the  result ;  if  the  hemorrhage  is  excessive,  death  may  occur 
almost  immediately  ;  but  if  the  patient  recovers,  a  condition  of 
more  or  less  permanent  paralysis  remains  behind;  and  a  very 
large  amount  of  paralysis  results  from  a  comparatively  limited 
lesion,  because  so  many  fibres  are  congregated  together  in  this 
narrow  isthmus  of  white  matter.  If  the  bjcmorrhage  is  in  the 
anterior  part  of  one  internal  capsule,  motor  paralysis  of  the 
opposite  side  of  the  body  (hemiplegia)  will  be  t\ie  moat.  mwcV^ 
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symptom.  If  the  haemorrhage  occurs  in  the  posterior  part,  sen- 
sory paralysis  of  the  opposite  side  of  the  body  will  be  the  most 
marked  symptom.  If  the  motor-fibres  are  affected,  degeneration 
will  occur  in  the  pyramidal  tract  and  can  be  traced  through  the 
pes  of  the  cms  and  mid-brain  to  the  pyramid  of  the  pons  and 
bulb,  and  then  in  the  crossed  pyramidal  tract  of  the  opposite  side 
and  in  the  direct  pyramidal  tract  of  the  same  side  of  the  cord. 
Figure  467  represents  a  horizontal    view  through  the  head- 


Fig.  )";•-  Diagram  to  hIiow  the  connection  of  the  Frontal  Occipital  Lobes  witfctkte> 
bt'llum,  &c.  The  dotted  lines  passing  in  the  crusta  (t.oc),  outside  the  motor  fin, 
indicate  the  connection  between  the  temporo-occipital  lobe  and  the  cerebeBuL  i x, 
the  f  ronto-cerebellor  fibres,  which  pass  internally  to  the  motor  tract  in  the  ' 
i.k.,  fibre*  from  the  caudate  nucleus  to  the  pons.  />.,  frontal  lobe;  0..« 
lobe;  a  v.,  ascending  frontal ;  a  p.,  ascending:  parietal  convolutions ;  wr..] 
fissure  in  front  of  the  ascending  frontal  convolution  ;  fb.,  fissure  of  BoUumo;  of- 
interparietal  fissure.  A  section  of  crus  is  lettered  on  the  left  side.  s.x.,*ubstsstiiB£ii; 
iv.,  pyramidal  motor  fibres,  which  on  the  right  are  shown  as  continuous  lines  euuiaui 
to  pass  through  the  posterior  limb  of  i.e.,  internal  capsule  (the  knee  or  elbow  of  via 
is  shown  thus  *)  upwards  into  the  hemisphere  and  downwards  through  the  potto 
cross  at  the  medulla  in  the  pyramidal  decussation.  //»/,  crowed  pyramidal  tm ; 
";>',  direct  pyramidal  tract.    (Qowers.) 


sphere.  The  internal  capsule  (c)  at  the  point  *  makes  &  bend 
called  the  genu  or  knee,  behind  which  the  motor-fibres,  and 
more  posteriorly  still  the  sensory-fibres,  pass.  The  connection 
between  cerebrum  and  cerebellum  is  also  indicated ;  one  cerebral 
hemisphere  beinjr  connected  with  the  cerebellar  hemisphere  of  the 
opposite  side  by  the  superior  cerebellar  peduncle  which  decussates 
with  its  fellow  in  the  mid-brain. 
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Histological  Structure  of  the  Cerebral  Cortex. 

Tfte  cortex  is  generally  describe*]  m  consisting  of  the  Following 
ive  layers  (Meynert)  : — 

1.  Superficial  layer  with  fcbufr 
nice  of  neuroglia  and  a  few  small 
iidti  polar  nerve  eel  Is,  2.  A  thin 
ayer  of  a  large  number  of  closely 
ncked  small  nerve-cells  of  pyra- 
lidal  shape.  3.  The  most  import- 
it  layer,  and  the  thickest  of  all : 
contains  many  large  pyramidal 
lerve-eells,  each  with  a  process  rim- 
ing off  from  the  apex  vertically 
awards  the  free  surface,  and 
lateral  processes  at  the  base  which 
I  always  branched.  There  is  also 
median  process  from  the  base 
t>f  each  cell  which  becomes  con- 
tinuous with  the  ax  is -cylinder  of 
a  nerve-fibre.  The  bundles  of 
fibres  spread  out  in  this  layer, 
4.  Numerous  nerve-cells,  some 
je  and  others  small,  form- 
ing the  tp*anular  fot^mation  of 
leynert.  5.  Spindle-shaped  and 
branched  nerve-cell  a  of  mode- 
Bite  size  arranged  chiefly  parallel 
the  free  surface  (fig.  468).  This 
layer  is  remarkable  in  being  broken 
jp  by  fibres  arranged  in  groups 
sing  to  the  outer  layers, 
It  is  a  noticeable  fact  that  the 
liffereut  layers  do  not  bear  the 
same  relation  to  one  another  in 
thickness  in  different  regions,  In 
the  area  about  the  fissure  of  Ro- 
lando, which  we  shall  [>n 
is  called  the  BeMQTM&OtoT  OT*fl|  the 

brge  pyramidal  cells  of  the  third 
ayer  arc   conspicuous  in   size  and 

liber,  and  numerous  large  cells  are  found   in   the  fourth  layer. 
These  latter  attain  their  greatest  development  in  the  gtift-ttHtoii 


Fifc,   j^.-Tbe  layer*  of  the  cortical 
grey  mutter  of  the  cerebrum. 

tMeynert.) 
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and  post-central  convolutions.  The  granular  layer  is  very  marked 
in  the  occipital  region,  forming  a  distinct  and  broad  division  of  the 
fourth  layer.  The  large  cells  are  scarce.  In  the  frontal  region, 
the  pyramidal  and  fourth  layers  are  well  marked  hut  the 
less  numerous  ;  the  nuclear  layer  is  very  distinct  The  pyramidal 
cells  are  those  from  which  the  motor  or  efferent  fibres  originate. 


Fig.  469.—  Principal  types  of  celk  in  the  cvrvbml 


A,  medium-ailed  pyramids!  edl  of  the  aocond  layer. 

B,  ]&t%v  pyramidal  wll  of  third  kyvr. 

ivwiurphoufc  cell  of  fourth  layer 
I »,  coll  of  which  the  axis-cylinder  proceas  ia  ascending. 

E,  neuroglia  cell. 

F,  cell  of  the  first,  or  molecular,  layer,  forming  an  intermediate  ceQ-etaboti  biU»*i 

aenaory  fibres  and  motor  cells.   Not  Lee  Lii  ection  of  the  nenre-flttoi 

G,  sensory  fibre  from  the  white  matter. 
II ,  white  matter. 

I,  collateral  of  the  white  matter,    (Kamon  y  CajaL) 

The  separation  of  the  fifth  layer  from  the  rest  to  form  the 
clauatruin  in  the  region  of  the  Island  of  Reil  has  been  already 
alluded  to  (p,  628). 

By  Golgi's  method  the  arrangement  of  these  cells  has  been  re- 
cently made  out  much  better,  The  ahove  diagram  (tig.  469)  to 
taken  from  Ramon  y  CajaFij  Croonian  Lecture,  and  the  following 
two  (figs.  470  and  471)  are  from  photo-micrographs  kindly  lent 
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le  by  Dr.  Mott.    Fig*  470  represents  a  section  through  the  mot^r 
>rtex  of  the  human  bruin,  and  shows  yery  beautifully  the  large 


Fig.  4?i.— Human  oerebnl  cortex  :    Oulgi'a  method.      Mott.) 

kramidal  cells  with  deudrons  passing  off  from  their  comers,  and 
le  axis-cylinder  process  passing  from   the  base  of  each  towucdfe 
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the  white  matter,  giving  off  oollaterals  on  the   way.     Neuroglia* 
cells  are  also  Been. 

Kg,  47 1  is  a  high-power  view  of  the  same  ;  in  the  lower  part 
of  tin-   Numm  some  of  the  neuroglia-celk  are  seen  in  the  sh< 
of  a  small  blood-vessel. 

The  cells  of  the  cortex  thus  give  rise  6p  the  motor  or  efferent 
fibres;   these  pass  into  the   white  matter   of   the  interior  ol   the 
brain.      Some  go  either  directly  or  by  collaterals,  t  r )  to  tl 
of  more  or  less  distant  convolutions.     'I  < -ailed  An 

fibres.   (2)  Others  pass  to  the  corpus  callosum,  am  I 
of  the  opposite  hemisphere.     These  are  called  CoMmiMjUtal  fibrti* 
In  each  ease  they  terminate  by  arborisi  -\ -1  lapses)  around 

the  cells  of  the  grey  matter  of  the  cortex  ;  while  others  |g 
especially  those  of  the  largest  pyramidal  cells,  extend  downward 
through  the  corona  nidiaia  and  internal  capsule  and  become* 
(3)  fibres  of  the  pyramidal  tract  These  are  called  Projfctvm 
A  they  pass  down  they  give  off  collaterals  to  the  ad- 
jacent grey  matter,  to  the  opposite  hemisphere  rid  the  corpus 
callosum,  to  the  corpus  striatum  and  the  optic  thalamus,  which 
terminate  there  by  arborisations :  the  main  fibres  terminate  in 
synapses  round  the  midfcipolar  cells  of  the  anterior  horn  of  the 
opposite  side  of  the  spinal  cord. 

The  cells  of  the  cortex  are,  in  addition  to  all  this,  surrounded 
by  the  arborising  terminations  of  the  sensory  nerve-fibres, 
which,  after  relays  at  various  cell -stations,  ultimately  reach  the 
cortex. 

We  are  now  in  a  position  to  complete  diagram  440  (p.  595),  and 
obtain  an  idea  of  the  relations  of  the  principal  cells  and  fibres  of 
the  cerebrospinal  nervous  system  to  one  another. 

Pyr.  (fig.  472)  is  a  cell  of  the  Rolandic  area  of  the  cerebral  cortex ;  ax  u  its 
axis-cylinder  process  which  passes  down  in  the  pyramidal  tract,  and  crosses 
the  middle  line  AB  at  the  pyramidal  decussation,  It  gives  off  collaterals,  one 
of  which  (rail)  is  shown  passing  in  the  corpus  callosum  to  terminate  in  ar» 
arborisation  in  the  cortex  of  the  opposite  hemisphere  ;  another  (»r>)  passr* 
into  t]h  corpus  striatum.  In  the  cord  collaterals  pass  off  and  end  in  arbori- 
sations round  cells  ol  the  anterior  horn  of  the  spinal  cord  (see  also  fig,  440) ; 
the  main  fihre  has  a  similar  termination.  The  motor  nerve-fibre  passes  from 
the  anterior  oormud  eell  to  muscular  fibres  where  it  ends  in  the  terminal 
arborinttooa  called  end-plates. 

Turning  m>w  to  the  sensory  fibres,  a  cell  of  one  of  the  spinal  (fart 
•hoWtL,      Its  axis  cylinder  process  bifurcates,  and  t*w  ("ranch  pastes  SO 
periphery  ending  In  arborisations  in  skin  and  tendon.    The  otnea  (central) 
branch  bifnremtes  on  entering  the  cord,  and  its  divisions  poos  upwards  and 
downwards,  the  latter  for  a  sh^rt  distance  only;  the  termination 
descending  branch  and  of  collaterals  of  1  iur  branch  roun 

of  the  spinal  oord  ore  more  fully  Bhown  in  Hpure  440.    The  m 
brunch  arborises  around  a  cell   of  the    nucleus  gracilis  (x.O«)  or  nudea* 
1  fttQJ  in  ti  [  column  t>i  toe  \>u\fc  \  the  axis-cylinder  process  ol 
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this  cell  passes  over  to  the  other  side  as  an  internal  arcuate  fibre  (I. A.),  and 
becomes  longitudinal  as  one  of  the  fibres  of  the  mesial  fillet  (F),  which 
terminates  round  a  cell  of  the  optic  thalamus  (o.T.),  from  which  a  new  axis- 
cylinder  process  passes  to  form  an  arborisation  around  the  dendrons  of  one  of 


A.C.N 


Fig.  472.— Scheme  of  relationship  of  cell*  and  fibre*  of  brain  and  cord.  (In  the  preparation 
of  this  diagram  I  have  received  considerable  assistance  from  Dr.  Mott.) 


the  cerebral  cells  (Cajal's  nerve-unit  of  association  A.C.N.)  in  the  surface  layer 
of  the  cortical  grey  matter  (shown  on  a  larger  scale  in  fig.  469  F)  ;  the  axis- 
cylinder  process  of  A.C.N,  arborises  round  the  dendrons  of  the  pyramidal  cell 
from  which  we  started. 

In  this  way  one  gets  a  complete  physiological  circle  of  nerve-units ;  the 
segments  of  the  circle  are,  however,  anatomically  distinct,  and  the  impulses 
travel  through  contiguous,  not  through  continuous,  structures.  The  simple 
arrows  indicate  the  direction  of  the  impulses  in  the  efferent  projection 
system  ;  the  feathered  arrows  in  the  afferent  projection  Vfttam. 
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Next  we  come  to  the  connections  of  the  cerebellum.  One  of  the  colla- 
terals of  the  sensory  nerve-fibre  arborises  round  a  cell  of  Clarke's  column, 
from  which  a  fibre  of  the  direct  cerebellar  tract  passes  to  end  in  an  arbori- 
sation around  a  cell  in  the  vermis  of  the  cerebellum.  P  is  one  of  the  cells  c* 
Purkinje,  the  axis-cylinder  process  of  which  P.ax  passes  to  the  cerebro- 
spinal axis ;  it  is  depicted  as  passing  down  to  envelop  one  of  the  cells  of  the 
anterior  horn  ;  but  this  has  never  been  satisfactorily  demonstrated ;  30  a 
dotted  line  has  been  used  to  indicate  this  uncertainty. 

The  origin  and  destination  of  the  tract  of  Gowere,  which  are  also  matters 
of  doubt,  are  not  shown  in  the  diagram  ;  the  fibres  of  communication  from 
the  cerebral  to  the  opposite  cerebellar  hemisphere,  which  pass  through  the 
superior  cerebellar  peduncle,  are  also  omitted.  The  sympathetic  system,  with 
its  numerous  cell  stations  in  the  sympathetic  ganglia,  we  have  studied  in 
connection  with  the  blood-vessels  ana  viscera  to  which  the  sympathetic 
fibres  are  distributed  (see  especially  pp.  290-305). 

G.M  is  the  grey  matter  which  is  continuous  from  spinal  cord  to  the  optic 
thalamus,  and  through  this  certain  afferent  impulses,  such  as  those  of  pain, 
travel  upwards. 

Particular  attention  should  be  paid  to  the  following  point  :  when  an 
afferent  fibre  enters  the  spinal  cord,  it  divides  into  three  main  set*  >.i 
branches.  The  first  set,  the  shortest,  forms  synajises  with  the  motor  cell?  cf 
the  anterior  horn  ;  here  we  have  the  anatomical  basis  of  spinal  reflex  actios. 
The  second  set  passes  through  an  intermediate  cell-station  in  Clarke's  eolnam 
to  the  cerebellum,  the  emerging  fibres  from  which  also  influence  the  m>*nr 
discharge  of  the  anterior  horn  cells.  The  third  set,  the  longest,  passes  thnogh 
three  intermediate  cell-stations  (the  first  in  the  nucleus  gracilis  or  cuntat&L 
the  second  in  the  optic  thalamus,  the  third  in  the  association  units  in  the 
cortex),  and  ultimately  reaches  the  pyramidal  nerve  cells  of  the  cerebral 
cortex,  the  efferent  fibres  (pyramidal  fibres)  of  which  pass  to  the  motor  ceil- 
of  the  anterior  cornu  and  influence  their  discharge.  The  motor  nerve  ceil* 
of  the  anterior  horn  may  thus  be  influenced  by  the  afferent  impulse*  r/f 
three  paths  or  uerroux  circles.  In  health,  all  these  nervous  circles  are  in 
action  to  produce  co-ordinated  muscular  impulses.  In  locomotor  ataxy, 
which  is  a  degeneration  of  the  cells  of  the  ganglia  on  the  posterior  roots  and 
their  branches,  all  these  nervous  circles  are  deranged,  and  the  result  is  low 
of  reflex  action,  and  inco-ordination  of  muscular  movements. 


The  Convolutions  of  the  Cerebrum. 

The  surface  of  the  brain  is  marked  by  a  great  number  of  de- 
pressions which  are  called  fissures  or  sulci,  and  it  is  this  folding 
of  the  surface  that  enables  a  very  large  amount  of  the  precious 
material  called  the  grey  matter  of  the  cortex  to  be  packed  within 
the  narrow  compass  of  the  cranium.  In  the  lowest  vertebrates 
the  surface  of  the  brain  is  smooth,  but  going  higher  in  the  animal 
scale  the  fissures  make  their  appearance,  reaching  their  greatest 
degree  of  complexity  in  the  higher  apes  and  in  man. 

In  a  certain  embryonic  stage  of  the  human  foetus  the  brain  is 
also  smooth,  but  as  development  progresses  the  sulci  appear, 
until  the  climax  is  reached  in  the  brain  of  the  adult. 

The  sulci,  which  make  their  appearance  first,  both  in  the 
animal  scale  and  in  iYvfc  taNe\o\rcQA\&  ^i  \5a&  Wcmux  fcaatus^  are  the 
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same.  They  remain  in  the  adult  as  the  deepest  and  best  marked 
sulci ;  they  are  called  the  primary  fissures  or  sulci,  and  they 
divide  the  brain  into  lobes  ;  the  remaining  sulci,  called  the  secon- 
dary fissures  or  sulci,  further  subdivide  each  lobe  into  convolutions 
or  gyri. 

A  first  glance  at  an  adult  human  brain  reveals  what  appears 
to  be  a  hopeless  puzzle ;  this,  however,  is  reduced  to  order 
when  one  studies  the  brain  in  different  stages  of  development, 
or  compares  the  brain  of  man  with  that  of  the  lower  animals. 
The  monkey's  brain  in  particular  has  given  the  key  to  the 
puzzle,  because  there  the  primary  fissures  are  not  obscured 
by  the  complexity  and  contorted  arrangement  of  secondary 
fissures. 

The  next  figure,  comparing  the  brain  of  one  of  the  lower  monkeys 


Fig.  473. 

A.  Brain  of  adult  Macacque  monkey. 

B.  Brain  of  child  shortly  before  birth. 

The  two  brains  are  very  much  alike,  but  the  growth  forwards  of  the  frontal  lobes  even 
at  this  early  stage  of  development  of  the  human  brain  is  quite  well  seen.  8,  fissure  of 
Sylvius ;  R,  fissure  of  Bolando. 


with  that  of  the  child  shortly  before  birth,  shows  the  close  family 
likeness  in  the  two  cases. 

Fig.  474  gives  a  representation  of  the  brain  of  one  of  the 
higher  monkeys,  the  orang-outang,  where  there  is  an  inter- 
mediate condition  of  complexity  by  which  we  are  led  lastly  to  the 
human  brain. 

Let  us  take  first  the  outer  surface  of  the  human  hemisphere ; 
the  primary  fissures  are — 

1.  The  fissure  of  Sylvius;  this  divides  into  two  limbs,  the  pos- 
terior of  which  is  the  larger,  and  runs  backwards  and  upwards, 
and  the  anterior  limb,  which  passing  into  the  substance  of  the 
hemisphere,  forms  the  Island  of  Reil. 

2.  The  fissure  of  Rolando,  running  from  about  the  middle  of 
the  top  of  the  diagram  downwards  and  forwards. 

3.  The  external  parieto-occipital  fissure  (Par.  oc.  f)  parallel  to  the 
fissure  of  Rolando  but  more  posterior  and  much  shorter ;  in  some 
monkeys  it  is  longer  (see  fig.  474). 
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three  fissures  divide  fchfl  l>r:nn  into  five  \><)*eM: — 
r,    Th  Mi     !o  fiwnt  of  the  fissure  of  Rolando 


■ 


Fijr.  474-— Brain  of  the  orang,  1  natural  •up,  nhowui*  the   irrmngemt«it  ol  ti*  «» 
volution*.     Syf  fburure  of  Sylvius ;  J?,  ftaiure  of  Roland  i-o.il  imri««o-acnfti 

Ihwure;    Ol/t  olfactory  lota;    Ob,    cerebellum ;    /T,    poo*    V*j  -hlk 

oblongata.    A*  contracted  with  the  human  bran  1]  lobo  is  «h*jrt  tad  arf 

relatively,  the  thwart*  of  Sylvius  i*  oblique,  The  temporo-*phenoiilal  l»i>>-  tot  faafr» 
mnt,  and  the  external  paneto-oo<  ipHal  fissure  very  well  marked.     1  GratioUt  j 

2.   The  parietal  lobe  ;  between  the  fissure  of    Rolando  and  tte 
external  par  ic  to-occipital  fissure. 


pONUl. 


L0Bf        ^^^oiTt^T^i 
Fig.  4  75-— Hrpbt  cerebral  lirmifpberv,  outer  surface. 

3.   The  occipital  lobe;  behind  the  external  pan. 
4>  Tiie  temporal  or  UrmporthBphenoidal  lobe ;    l>elow  the  fissure  of 
Sylvius. 

5.   The  hlawi  of  Be& 
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It  will  be  noticed  that  the  names  of  the  lobes  correspond  to 
those  of  the  bones  of  the  cranial  vault  which  cover  them.  Then1 
is  no  exact  correspondence  between  the  bones  and  the  lobes,  but 
the  precise  position  of  the  various  convolutions  in  relation  to  the 

lrf&ce  of  the  skull  is  a  matter  of  anatomy,  which,  in  these  days 
>f  brain-surgery,  is  of  overwhelming  importance  to  the  surgeon, 
position  of  a  localised  disease  in  the  brain  can  be  determined 

ltv  accurately,  as  we  shall  see  later,  by  the  symptoms  exhibited 
by  the  patient,  and  it  would  be  obviously  inconvenient  to  the 
patient  if  the  BUIgeoo  was  unable  to  trephine  over  the  exact  spot 
under  which  the  diseased  convolution  lies,  but  had  to  make  a 
uumher  of  exploratory  holes  to  find  out  where  he  was. 


LOST 


Fig,  476.  -R%ht  imtbm  1  ■<,  mesiul  aurfju*.', 

fvieh  lobe  is  divided  into  convolutions  by  secondary  fissures. 

1.  The  frontal  lobe  is  divided  by  the  central  frontal  or  pre- 
frontal sulcus  which  runs  upwards  parallel  to  the  fissure  of  Rolando, 
and  two  transverse  frontal  sulci,  upper  and  lower,  into  four  convo- 
lutions;  namely,  the  ascending  frontal  GonvofoHon  in  Front  of  the 
fissure  of  Rolando,  and  three  tran&ver* 'fovnttiU  COMfohtt%OMt  upper, 
middle^  and  low0rt  which  run  outwards  and  Forw&rda  from  it. 

2.  The  parietal  lobe  has  one  important   secondary  sulnis.   u 
first  running  parallel  to  the  fissure  of  Rolando  and   then   turning 
back  parallel  to  the  margin  of  the  brain,      It  is  called    the 
parietal   sulcus.      The   lobe   is    thus    divided    into    the    ascending 

tuf  crwtilttti'tn  behind  the  fissure  of  Rolando,  the  supra- 
marginal  convolution  between  the  intra-pnrietal  sulcus,  and  the 
fissure  of  S\  Kins  :  the  0  tut  ion  whioh  turns  round  the 

end  of  the  Sylvian  fissure,  and  the  ttupwior  parietal  con  mint  ton,  or 
parietal  lobut*f  in  front  of  the  external  parietooccipital  fissure. 

3.  The  occipital  lobe  is  divided  into  upper ,  miihllc,  ami  lower 
occipital  convolutions  by  two  secondary  fissures  running  across  it. 
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4.  The  temporal  lobe  is  similarly  divided  into  upper,  auddZe. 
and  lower  temporal  convolution*  by  two  fissures  running  parallel 
to  the  fissure  of  Sylvius ;  the  upper  of  these  fissures  is  called  the 
parallel  fissure. 

5.  The  Island  of  Beil  is  divided  into  convolutions  by  the 
breaking  up  of  the  anterior  limb  of  the  Sylvian  fissure. 

Coming  now  to  the  mesial  surface  of  the  hemisphere  (fig.  476), 
its  subdivisions  are  made  evident  by  cutting  through  the  corpus 
callosum  which  unites  the  hemisphere  to  its  fellow.  The  sub- 
division into  lobes  is  not  so 
apparent  here  as  on  the  external 
surface  of  the  hemisphere,  so  we 
may  pass  at  once  to  the  codto- 
lutions  into  which  it  is  broken 
up  by  fissures. 

In  the  middle  the  corpus  cal- 
losum is  seen  cut  across ;  above 
it  and  parallel  to  its  upper  border 
is  a  fissure  called  the  caUm- 
marginal  fissure  which  tuna  up 
and  ends  on  the  surface  near  the 
upper  end  of  the  fissure  of  Ro- 
lando. The  convolution  shore 
this  is  called  the  marginal  cam- 
lution,  and  the  one  below  it  the  callosal  convolution  or  pyrai 
fornicatus.  The  deep  fissure  below  the  corpus  callosum  running 
from  its  posterior  end  forwards  and  downwards  is  called  the  dentate 
fissure ;  this  forms  a  projection  seen  in  the  interior  of  the  lateral 
ventricle  and  called  there  the  hippocampus  major  ;  it  is  sometimes 
called  the  hippocampal  convolution  which,  together  with  the  gyrw 
fornicatus  above  the  corpus  callosum,  constitutes  the  limbic  lobe. 
Below  the  dentate  fissure  is  another  called  the  collateral  fistwt, 
above  which  is  the  uncinate  convolution,  and  below  which  is  the 
inferior  temporal  convolution  which  we  have  previously  seen  on  the 
external  surface  of  the  hemisphere  (see  fig.  475).  In  the  occipital 
region  the  internal  parietooccipital  fissure,  which  is  a  oontinuiitkn 
of  the  external  parieto-occipital  fissure,  passes  downwards  and 
forwards  till  it  meets  the  calcarine  fissure ;  these  two  enclose 
between  them  a  wedge-shaped  piece  of  brain  called  the  cuneut  or 
cuneate  lobule ;  the  square  piece  above  it  is  called  the  precuneus 
or  quadrilateral  lobule. 

The  only  convolutions  now  left  are  those  which  are  placed  on 
the  surface  of  the  frontal  lobe  that  rests  on  the  orbital  plate  of 
the  frontal  bone*,  tYury  arc  *Wkw  vcv  **\%.  aav  *  **•'  **\*a*l  ma^ 
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Fig.  477.— Orbital  surface  of  frontal  lobe. 
M,  marginal  convolution. 

0,  olfactory  sulcus. 
O.8. ,  orbital  sulcus. 

1,  island  of  Beil. 
S.a,  anterior  limb  of  Sylvian  I 
S.p,  posterior  limb  of  Sylvian 
A.P.8.,  anterior  perforated  spot. 
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be  seen  diagramniatically  in   liir.   477,   the  end  of  the  temporal 
lobe  out  off  to  expose  tide  oonvohitioas  of  the  central  lobe 

or  bland  «>f  Keil, 

Along  the  edge  is  the  con  tin  nation  of  the  marginal  ooorfoliitiaD 
<m)  ;  next  come*  the  olfactory  suleaj  (o)  in   which  the  olfactory 

id  bulb  lie  ;  then  the  triradintr  few  which  divides 

the  rent  of  this  surface  into  three  conventions. 


CHAPTER    XLVII. 

irxninNs  Of  TMM  SPINAL  OOBR 

Tub   functions  of  the  spinal    cord    fall    into   tw  oriel  1 

functions  of  the  grey  matter,  which   consist   in   the   reflection  of 

afferent    impulses,    and    their  conversion    into   ellerent   impulses 

turn)  ;    and   functions  of  the   white  matter,    which  are 

those  of  conduction. 


The  Cord  aa  an  Organ  of  Conduction. 


We  have  studied  at  some  length  the  various  paths  in  the  white 
matter,  and  so  we  have  the  materials  at  hand  for  recapitulating 
the  main  facts  in  connection  with  the  physiological  aspect  of  the 
problem. 

Complete  section  of  the  spinal  cord  in  animals,  and  diseases  or 
injuries  of  the  cord  or  spinal  canal  in  man,  which  practically  cut 
the  cord  in  two,  lead  to  certain  histological  changes  of  a  degene- 
rative nature,  which  we  have  already  studied,  and  to  physiological 
results,  which  are  briefly — (1)  paralysis,  both  motor  and  sensory, 
of  the  parts  of  the  body  supplied  by  spinal  nerves  winch  originate 
below  the  point  of  injury  ;  and  (2)  increased  reflex  irritability  of 
the  same  parts,  the  reason  for  which  we  shall  study  immediately. 

Hemisection  of  the  cord  leads  to  degenerative  changes  on  the 
same  side  of  the  cord,  and  loss  of  motion  and  sensation  mi  the 
same  side  of  the  body  below  the  lesion. 

The  motor  path  in  the  cord  from  the  brain  is  the  pyramidal 
tract  ;  the  anatomy  of  this  tract  is  described  in  Chapters 
XL  I  L  to  XLVL,  and  we  need  do  no  more  here  than  remind  the 
reader  that  it  originates  from  the  pyramidal  cells  of  the  cortex  of 
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the  opposite  cerebral  hemisphere,  and   that  th»  -.» 

tion  occurs  at  the  lower  part  of  the  bulb. 

The  sensory  tracts  are  more  comp  tiun*- 

■  heir  course.      The  path  fo 
rular  sense  impressions  is  up  tl  las 

gracilis  and  nucleus  cuneatus ;   thence   by   the   internal  arcuate 
fibres  and  fillet  to  the  optic  thalamus,  and   thence  by  the  pate 
rmr  part  of  the  internal  capsule  to  the  Rolajldffl  area  of  the  opp* 
site  cerebral  hemisphere;  the  decussation   of  the  fillet  occ> 
the  bulb. 

SchiflT,  one  of  the  earliest  to  work  at  the  subject  of  cm 
ducting  paths  in  the  cord,  arrived  at  the  conclusion  that  parofn} 
impressions  travelled  to  the  brain  by  the  grey  matter  of  the 
cord.  This  conclusion  was  regarded  as  paradoxical,  for  whit* 
matter  is  conducting,  grey  matter  is  central  or  reflecting,  Bui 
the  conclusion  is  not  so  paradoxical  as  it  appears  at  fin* 
sight,  for  we  now  know  the  grey  matter  is  made  up  of  ran* 
units,  communicating  physiologically  by  their  interlacement  of 
deudrons ;  and  it  is  quite  easy  to  understand  that  impulses  toij 
travel  up  grey  matter  through  a  vast  series  of  cell  station*  <* 
positions  of  relay.  The  more  exact  methods  of  modern  rweardi 
have  gone  far  to  justify  SchiflT  s  conclusions,  and  it  is  now  got 
rally  held  that  the  impulses  due  to  painful  impressions,  and  alio 
those  produced  by  heat  and  cold,  travel  up  to  the  optic  thalamus 
by  the  loopings  of  fibres  from  cell  to  cell  through  the  tract  of 
grey  matter,  which  is  continuous  from  cord  to  optic 
(fig,  472,  o.m.)  ;  from  the  optic  thalamus  the  fibres  of  the  < 
radiata  carry  on  the  impulse  to  the  cortex.  These  conclusions  are 
confirmed  by  recent  experiments  on  hemisection  (see  p.  600),  a&d 
by  the  phenomena  seen  in  certain  diseases.  One  of  the  mod 
instructive  of  these  from   tl  lological  standpoint  is  kn 

as  locomotor  a taxy.     This  disease  iJB  an  aflhotioa   of  the 
channels,  and  the  most  marked  and  constant  change  in  the  I 
cord  is  a  degenerative  one  in  the  posterior  columns.      In  1 
oaae  muscular  and  tactile  sense  are  abolished,  particularly  id  the 
lower  limbs,  but  painful  and  thermal  sensations  are  felt.     <>:, 
other  hand,  in  the  disease  of  the  grey  matter  of  the  cord  called 
tfrmgomyeltOi  sensations  of    heat,  cold  and    pain    are  lost,  and 
tactile  sensations  remain. 

Some  afferent  impulses  reach  the  cerebellum  via  the  cells  of 
Clarke's  column  and  the  direct  or  dorsal  cerebellar  the 

restiform  body  and  inferior  peduncle  of  the  cerebellum.  It 
terminates  in  the  vermis  or  middle  lobe  of  the  eerrbdlum  ,  the 
fibres  of  tVie  tract  at  Gtoraore  wv^xaAft  \w  <y£^*>  *^  \W\«Awt  ^  *$&. 
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anterior  horn  of  the  opposite  side  of  the  BOrd,  and  those  of  its 
fibred  which  enter  the  cerebellum  do  so  by  its  superior  pedum!*, 
ami  these  also  cud  in  the  vermis. 

This  leaves  Ofl  still  one  more  set  of  (fibres  to  consider  ;  these 
are  the  fibres  that  le«m  (lie  Oerebelhtm  and  travel  up  to  the  brain 
and  down  the  cord.  They,  tike  most  of  the  other  tracts,  have  been 
investigated  by  the  degeneration  method.  Their  cvn.-t  0OUI86  is, 
however,  uncertain,  though  probably  they  ultimately  terminate  by 
arborising  round  the  multipolar  cells  uf  the  cerebrum  and  of  the 
Ulterior  bom  of  the  cord  (see  dotted  line  in  fig.  472  ;  see  also 
p.  66  7), 

Reflex  Action  of  the  Spinal  Cord. 

There  are  two  theories  of  a  speculative  nature  regarding  the 
relationship  of  reflex  and  voluntary  action*  :  one  is,  that  all 
actions  are  in  essence  reflex,  and  that  the  so-called  voluntary 
actions  are  modified  reflexes,  in  which  the  afferent  impulse  to  act, 
though  often  obscure,  is  nevertheless  by  seeking  always  to  be 
bttnd.  Put  in  popular  language,  this  theory  implies  that  we 
have  really  no  such  thing  as  a  will  of  our  own,  but  our  action- 
Umpij  the  result  of  external  circumstances. 

The  other  theory  is  the  exact  opposite — namely,  that  all 
actions  are  in  the  beginning  voluntary,  and  become  reflex  by 
practice  in  the  lifetime  of  the  individual,  or  the  lifetime  of  his 
ancestors,  who  transmit  this  acquired  character  to  their  descen- 
dants. 

This  is  not  the  place  to  discuss  a  philosophical  question  of 
this  kind,  and  still  less  the  debated  question  whether  acquired 
characters  are  transmissible  by  inheritance.  The  distinction  be- 
tween voluntary  and  reflex  actions  is  a  useful  practical  one,  and 
certainly  it  cannot  be  doubted  that  many  practised  actions 
become  reflex  in  the  lifetime  of  every  one  of  us.  Take  walking  as 
an  example  :  at  first  the  act  of  locomotion  is  one  in  which  the 
brain  is  concerned  ;  it  is  an  action  demanding  the  concentration 
of  the  attention  ;  but  later  on  the  action  is  largely  carried  out  by 
the  spinal  cord,  the  afferent  impulses  to  the  cord  from  the  feet 
directing  the  efferent  impulses  to  the  muscles  concerned. 

The  reflex  actions  of  the  spinal  cord  may  first  be  studied  in  a 
brainless  frog,  as  in  this  animal  the  spinal  cord  possesses  a  great 
power  of  controlling  very  complex  reflex  actions. 


x  t  *i 
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Reflexes  in  a  Brainless  Frog. 

After  destruction  of  the  brain  the  shock  of  the  operation  ren- 
der? the  animal  for  a  short  time  motionless  and  irresponsive  to 
stimuli,  but  in  a  few  minutes  it  gradually  assumes  a  position 
which  differ*  hut  little  from  that  of  a  living  conscious  frog.  If 
thrown  into  water  it  will  swim :  if  placed  on  a  slanting  board  it 
will  crawl  up  it  MJoltz) :  if  stroked  on  the  flanks  it  will  croak 
MJoltz):  if  it  is  laid  on  its  back,  and  a  small  piece  of  blotting- 
paper  moistened  with  acid  be  placed  on  the  skin,  it  will  generallj 
succeed  in  kicking  it  off:  if  afoot  is  pinched  it  will  draw  the 
foot  away ;  if  left  perfectly  quiet  it  remains  motionless. 

The  muscular  response  that  follows  an  excitation  of  the  sur- 
face is  purposive  and  constant,  the  path  along  which  the  impulse 
is  propagated  being  definite. 

Under  certain  abnormal  conditions,  however,  the  propagation 
of  the  impulse  in  the  cord  is  widespread,  the  normal  paths  being, 
as  it  were,  broken  down.  This  is  seen  in  the  convulsions  that 
occur  on  slight  excitation  in  animals  or  men  who  have  suffered 
from  profuse  hemorrhage,  or  in  the  disease  called  lockjaw  or 
tetanus.  Such  a  condition  is  easily  demonstrable  in  a  brainlea 
frog  under  the  influence  of  strychnine  :  after  the  injection  of  t 
few  drops  of  a  i  per  cent,  solution  under  the  skin,  cutaneous 
excitation  no  longer  produces  co-ordinated  muscular  responses,  but 
paroxysms  of  convulsions,  in  which  the  frog  assumes  a  charac- 
teristic attitude,  with  arms  flexed  and  legs  extended. 

Spreading  of  reflexes. — If  one  lower  limb  is  excited,  it  is  that 
limb  which  responds :  if  the  excitation  is  a  strong  one  it  will 
spread  to  the  limb  of  the  opposite  side,  and  if  stronger  still  to 
the  upper  limbs  also. 

Cumulation  of  reflexes. — This  is  well  illustrated  by  Turck's 
method.  If  a  number  of  beakers  of  water  are  prepared,  acidulated 
with  i,  2,  4,  «tc.  parts  of  sulphuric  acid  per  i,ooo,  and  the  tips 
of  the  frogs  toes  are  immersed  in  the  weakest,  the  frog  at  first 
takes  no  notice  of  the  fact,  but  in  time  the  cumulation  or  sum- 
mation of  the  sensory  impulses  causes  the  animal  to  withdraw  its 
feet.  If  this  is  repeated  with  the  stronger  liquids  in  succession, 
the  time  that  intervenes  before  the  muscles  respond  becomes  less 
and  less.  This  method  also  serves  to  test  reflex  irritability  when 
the  frog  is  under  the  influence  of  various  drugs. 

Inhibition  of  reflexe*. — If,  instead  of  the  whole  brain,  the  cere- 
brum only  is  destroyed,  and  the  optic  lobes  are  left  intact,  response 
to  excitation  \a  \\\ue\\  sXc^vit,  \Xwi  VcAN&&Rfe  s&  'O&ft.  tccu&c&q^ ^aurt 
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of  tho  brain  inhibiting  the  reflex  action  of  the  cord.  Or  if  in 
doing  the  experiment  with  acid  just  described  the  toes  of  the 
other  foot  are  being  simultaneously  pinched,  the  response  to  the 
acid  is  delayed.  Inhibition,  or  delay  of  reflex  time  is  thus  pro- 
duced by  other  sensations,  which,  as  it  were,  take  up  the  attention 
of  the  cord. 

This  influence  of  the  brain  on  the  cord  is  also  illustrated  in 
man,  by  the  fact  that  a  strong  effort  of  the  will  can  control  many 
reflex  actions.  It  is,  for  instance,  possible  to  subdue  the  tendency 
to  sneeze ;  if  one  accidentally  puts  one's  hand  in  a  flame,  the 
natural  reflex  is  to  withdraw  it :  yet  it  is  well  known  that 
Cranmer,  when  being  burnt  at  the  stake,  held  his  hand  in  the 
flames  till  it  was  consumed. 

After  the  spinal  cord  has  been  divided  by  injury  or  disease  in 
the  thoracic  region,  the  brain  can  no  longer  exert  this  controlling 
action  ;  hence  the  part  of  the  cord  below  the  injury  having  it, 
as  it  were,  all  its  own  way,  has  its  reflex  irritability  increased.* 
The  increase  of  reflex  irritability  is  also  seen  in  the  disease  called 
lateral  sclerosis;  hore  the  lateral  columns,  including  the  pyra- 
midal tract,  become  degenerated,  and  so  the  path  from  the  brain 
to  the  cells  of  the  cow  is  in  great  measure  destroyed.  In  these 
patients  the  increase  of  reflex  irritability  may  become  a  very 
distressing  symptom,  slight  excitations,  like  a  movement  of  the 
bed-clothes,  arousing  powerful  convulsive  spasms  of  the  legs. 

Reflex  time. — In  the  frog,  deducting  tho  time  taken  in  the 
transmission  of  impulses  along  nerves,  the  time  consumed  in  the 
cord  (reflex  time)  varies  from  0*008  to  0*015  second;  if  the 
reflex  crosses  to  the  other  side  it  is  one-third  longer.  It  is 
lessened  by  heat,  and  under  the  influence  of  a  strong  stimulus. 


Reflex  Action  in  Man. 

The  reflexes  obtainable  in  man  form  a  most  important  factor 
in  diagnosis  of  diseases  of  the  nervous  system ;  each  action  is 
effected  through  an  afferent  sensory  nerve,  a  system  of  nerve-cells 
in  the  cord  termed  the  reflex  centre,  and  an  efferent  motor  nerve  ; 
the  whole  constitutes  what  is  called  the  reflex  arc.  The  absence 
of  certain  reflexes  may  determine  the  position  in  the  spinal  cord, 
which  is  the  seat  of  disease. 


*  In  some  injuries  to  the  conl  produced  by  crushing,  there  is  a  loss  of  re- 
flexes below  the  inj  ury.  These,  however,  are  not  simple  transverse  lesions ;  the 
loss  of  reflex  action  is  due  to  extensive  injury  to  grey  T&sAtat  \yj  \^Taort\uwB&* 
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Two  forms  of  reflex  action  must  be  distinguished  : — 

1.  Superficial  reflexes.  These  are.  true  reflex  actions,  and  are 
excited  by  stimulation  of  the  skin. 

2.  Deep  reflexes  or  tendon  reflexes.  This  is  a  most  undesirable 
name,  as  they  are  not  true  reflex  actions. 

Superficial  Reflexes. — These  are  obtained  by  a  gentle  stimu- 
lation, such  as  a  touch  on  the  skin  ;  the  muscles  beneath  are 
usually  affected,  but  muscles  at  a  distance  may  be  affected  aba 
Thus  a  prick  near  the  knee  will  cause  a  reflex  flexion  of  the  hip. 

The  most  important  of  these  reflexes  are  : — 

a.  Plantar  reflex :  withdrawal  of  the  feet  when  the  soles  are 
tickled. 

b.  Gluteal  reflex  :  a  contraction  in  the  gluteus  when  the  skin 
over  it  is  stimulated. 

c.  Cremasteric  reflex :  a  retraction  of  the  testicle  when  the 
skin  on  the  inner  side  of  the  thigh  is  stimulated. 

d.  Abdominal  reflex  in  the  muscles  of  the  .abdominal  wall  when 
the  sk  in  over  the  side  of  the  abdomen  is  stroked  ;  the  upper  part 
of  this  reflex  is  a  very  definite  contraction  at  the  epigastrium,  and 
has  been  termed  the  epigastric  reflex. 

e.  A  series  of  similar  reflex  actions  jpay  be  obtained  in  the 
muscles  of  the  back,  the  highest  being  in  tne  muscles  of  the  scapula. 

f.  In  the  region  of  the  cranial  nerves  the  most  important 
reflexes  are  those  of  the  eye — (i)  the  conjunctival  reflex,  the 
movement  of  the  eyelids  when  the  front  of  the  eyeball  is  touched: 
and  (ii)  the  contraction  of  the  iris  on  exposure  of  the  eye  to  light, 
and  its  dilatation  on  stimulation  of  the  skin  of  the  neck. 

Tendon  Reflexes. — When  the  muscles  are  in  a  state  of  slight 
tension,  a  tap  on  their  tendons  will  cause  them  to  contract.  The 
two  so-called  tendon  reflexes  which  are  generally  examined  are 
the  patella  tendon  reflex  or  knee-jerk,  and  the  foot  phenomenon  or 
ankle-clonus. 

The  knee-jerk. — The  quadriceps  muscle  is  slightly  stretched  hy 
putting  one  knee  over  the  other;  a  slight  blow  on  the  patella 
tendon  causes  a  movement  of  the  foot  forwards,  as  indicated  in 
the  dotted  line  of  fig.  478.    This  phenomenon  is  present  in  health. 

Ankle-clonus. — This  is  elicited  as  depicted  in  the  next  figure: 
the  hand  is  pressed  against  the  sole  of  the  foot,  the  calf  muscles 
are  thus  put  on  the  stretch  and  they  contract,  and  if  the  pressure 
is  kept  up  a  quick  succession  or  clonic  series  of  contractions  is 
obtained.     This,  however,  is  not  readily  obtained  in  health. 

These  phenomena  are  not  true  reflexes ;  the  time  that  inter- 
venes between  the  tap  and  the  response  is  so  short  that  they  must 
be  due  to  direct'stimulatiou  of  the  muscles  or  of  their  tendons. 
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Nevertheless,  the  idea  that  they  are  reflex  is  supported  by  the 
following  facts : — 

1.  There  are  nerves  in  tendon. 


Pig.  478.— The  Knee-jerk.    (Oowen.) 

2.  The  phenomena  depend  for  their  occurrence  on  the  integrity 
of  the  reflex  arc.     Disease  or  injury  to  the  afferent  nerve,  efferent 


Fig.  479.— Ankle-clonus.    (Gowen.) 

nerve,  or  spinal  grey  matter,  abolishes  them.  Thus  they  cannot 
be  obtained  in  locomotor  ataxy  (damage  to  the  posterior  nerve- 
roots),  or  in  infantile  paralysis  (damage  to  the  anterior  horns  of 
grey  matter). 
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3.  They  are  excessive  in  those  conditions  that  increase  the  true 
reflex  irritability,  such  as  severance  of  brain  from  cord,  and  in 
lateral  sclerosis. 

How,  then,  is  it  possible  to  reconcile  these  two  sets  of  facte? 
The  explanation  advanced  by  Sir  William  Gowers  does  so  best; 
it  is  briefly  as  follows : — 

(i)  The  tendon  reflexes  are  not  reflexes,  but  are  due  to  direct 
stimulation  of  the  muscle  itself. 

(ii)  In  order  that  the  muscle  may  respond  it  is  necessary  that 
it  be  in  an  irritable  condition ;  this  is  accomplished  by  putting  it 
slightly  on  the  stretch,  and  so  calling  forth  the  condition  called 
tonus  (see  p.  136),  a  readiness  to  contract  on  slight  provoca- 
tion. 

(iii)  Muscular  tonus  depends  on  the  integrity  of  the  reflex 
arc.  The  sensory  stimulus  for  this  reflex  muscular  tone  arise* 
either  in  the  muscle  itself,  or  more  probably  in  the  condi- 
tion of  the  antagonistic  muscles.  (See  more  fully,  next  pan- 
graph  but  one.) 

(iv)  Hence  injury  to  any  part  of  the  reflex  arc,  by  abolishing 
the  healthy  tone  of  a  muscle,  deprives  it  of  that  irritable 
condition  necessary  for  the  production  of  these  so-called  refla 
actions. 

Reciprocal  Action  of  Antagonistic  Muscles. — This  is  an 
interesting  branch  of  muscle  physiology  related  to  the  question 
of  tendon  reflexes,  which  we  owe  to  the  researches  of  Sherrington. 
In  brief,  lie  shows  that  the  inhibition  of  the  tonus  of  a  voluntary 
muscle  may  be  brought  about  by  excitation  of  its  antagonist. 

Movement  at  a  joint  in  any  direction  involves  the  shortening 
of  one  set  of  muscles  and  the  elongation  of  another  (antagonistic) 
set.  The  stretching  of  a  muscle  produced  by  the  contraction  of 
its  antagonist  may  excite  (mechanically)  the  sensorial  organs 
(probably  the  muscle-spindles,  see  p.  96)  in  the  muscle  that  u 
under  extension  ;  in  this  way  a  reflex  of  pure  muscular  initiation 
may  be  started.  Experiments  show  that  electrical  excitation  of 
the  central  end  of  an  exclusively  muscular  nerve  produces  inhibi- 
tion of  the  tonus  of  its  antagonist.  For  instance,  the  central  end 
of  the  severed  hamstring  nerve  is  faradised.  This  nerve  contains} 
in  the  cat  4510  nerve-fibres,  and  of  these  about  1810  are  sensory 
in  function*;  these  come  from  the  flexor  muscles  of  the  knee,  not 
from  the  skin.  The  effect  of  the  stimulation  of  the  nerve  on  the 
tonus  of  the  extensor  muscles  of  the  knee  is  seen  (a)  in  elongatiou 


*  The    number   of    scu^otv  u*iT\vi-ft\vc*i%  S&  tataxtB\Tk!&&.  V^   counting  the 
enitcl  fibres  \\\  t\ui  uervc*  svUex  *<i<i\.\wv  oft.  >ta&  \ra\k£wk  x«s«^^**a^ 
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of  those  muscles,  (b)  in  temporary  diminution  of  the  knee-jerk, 
The  experiment  may  l>e  varied  as  follows  :  the  exposed  flexor 
muscles  detached  from  the  knee,  and  therefore  incapable  of 
mechanically  affecting  the  position  of  the  joint,  are  stretched  or 
kneaded.  This  produces  a  reflex  elongation  of  the  extensor 
muscles  of  the  knee  and  a  temporary  diminution  of  the  knee-jerk. 
The  effects  are  in  fact  the  same  as  those  produced  by  faradisa- 
tion of  the  central  end  of  the  nerve  supplying  them.  It  may 
therefore  be  that  reciprocal  innervation,  which  is  a  common  form 
of  co-ordination  of  antagonistic  muscles,  is  secured  by  a  simple 
reflex  mechanism,  an  important  factor  in  its  execution  being  the 
tendency  for  the  action  of  a  muscle  to  produce  its  own  inhibition 
reflexly  by  mechanical  stimulation  of  the  sensory  apj>aratu8  in  its 
antagonist. 

On  p.  636  we  have  drawn  attention  to  the  three  "nervous 
circles  "  by  which  an  afferent  impulse  may  affect  the  motor  dis- 
charge from  the  anterior  horn-cells  of  the  cord ;  there  is  the  short 
path  by  the  collaterals  of  the  entering  fibre  which  pass  directly 
to  these  cells,  and  there  are  the  two  longer  paths,  vid  the  cerebel- 
lum and  cerebrum  respectively.  In  the  execution  of  a  voluntary 
action  all  three  circles  are  in  activity  to  produce  the  co-ordination 
and  due  contraction  of  antagonistic  muscles  which  characterise  an 
effective  muscular  act.  Section  of  the  posterior  roots  produces 
not  only  an  inability  to  carry  out  reflex  actions,  but  also  leads  to 
an  inability  to  carry  out  effectively  those  more  complicated  reflex 
actions  which  are  called  voluntary  and  in  which  the  brain  par- 
ticipates. Locomotor  ataxy,  or  tabes  dorsalis,  is  a  slowly  pro- 
gressive disease,  the  anatomical  basis  of  which  is  a  degeneration  of 
the  nerve-units  of  the  spinal  ganglia.  It  is,  therefore,  analogous 
to  a  physiological  experiment  in  which  the  posterior  roots  are 
divided,  and  although  fibres  may  remain  which  still  allow  of  the 
passage  of  nervous  impulses,  the  action  of  the  three  circles  is 
greatly  interfered  •  with  ;  the  spinal  reflex  arc  is  at  faidt ;  this 
is  shown  by  the  loss  of  reflex  action,  the  disappearance  of  the 
tendon  reflexes,  and  the  want  of  tonus  in  antagonistic  muscles ; 
the  main  symptom  of  the  disease  is  want  of  muscular  co-ordina- 
tion, and  this  is  produced  not  only  by  the  lesion  in  the  spinal 
cord,  but  is  accentuated  by  the  wTant  of  continuity  in  the  other 
two  circles,  so  that  the  brain  is  unable  to  effectively  control  the 
motor  discharge  from  the  anterior  coniual  cells. 

Reaction  Time  in  Han. — The  term  reaction  time  is  applied  to  the  time 
occupied  in  that  complex  response  to  a  pre-arranged  stimulus  in  which  the 
brain  as  well  as  the  cord  comes  into  play.  It  is  sometimes  called  tha 
personal  equation.    It  may  be  most  readily  measured  Vj  tt&  &tt&raa& 
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method,  and  the  accompanying  diagram  (fig.  480)  will  illustrate  one  of  the 
numerous  arrangements  which  have  been  proposed  for  the  purpose. 

In  the  primary  circuit  two  keys  A  and  2?  are  included,  and  a  chrono- 
graph (1),  arranged  to  write  on  a  revolving  cylinder  (fast  rate).  Another 
chronograph  (2),  marking  i-iooths  of  a  second,  is  placed  below  this.  The 
experiment  is  performed  by  two  persons  C  and  D.  The  key  A,  under  the 
control  of  C  is  opened.  The  key  B9  under  the  control  of  D  is  closed.  Tat 
electrodes  E  are  applied  to  some  part  of  D's  body.    C  closes  A.  The 


Fig.  480.— Emotion  time. 


primary  circuit  is  made,  and  the  chronograph  moves.  As  soon  aiDfeek 
the  shock  he  opens  B,  the  current  is  thus  broken,  and  the  chronograph  leitr 
returns  to  rest.    Measure  the  time  between  the  two  movements  of  the 


Fig.  481.— The  Dilemma.. 

chronograph  (1),  by  means  of  the  time  tracing  written  by  chronograph  (1). 
It  usually  varies  from  0*15  to  0*2  second,  but  is  increased  in  : — 

The  Dilemma. — The  primary  circuit  is  arranged  as  before.  Lead  the 
wires  from  the  secondary  coil  to  the  middle  screws  of  a  reverser  withmt 
cross  wires.  To  each  pair  of  end  screws,  attach  a  pair  of  electrodes  J? and 
A\  applied  to  different  parts  of  D's  body  (Fig.  481). 

Arrange  previously  that  D  is  to  open  B,  when  one  part  is  stimulated,  but 
not  the  other,  ('  adjusting  the  reverser  unknown  to  Z>.  Under  these  or- 
cu instances  the  reaction  time  is  longer. 

The  reaction  time  in  response  to  various  kinds  of  stimuli,  sound,  light, 
pain,  etc.,  varies  a  good  deal ;  the  condition  of  the  subject  of  the  experiment 
is  also  an  important  factor.  This,  however,  is  really  a  practical  branch  of 
psychology,  and  has  recently  been  much  worked  at  by  students  of  thai 
science. 

Special  Centre*  in  \&&  CotSu— \x\.  *&&vcasa  \n  \&&  ^neral  function  of 
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k  action,  the  grey  matter  also  exercises  control  over  certain  ipftcUU 

pinul  nut  tv ;  this  centre  control  ling  the  dilatation  of  the  pupil  is 
situated  in  the  lower  cervical  region,  reaching  as  far  down  as  the  origin  of 
the  first  to  tin-  third  thoracic  nerve, 

res  f«»r  defmemHemt  mtVtertf  4e%  metiM*  n,n&parturitu*ntn.Teaitvtn!bed 
In  the  lumbar  enlargement  of  the  cord. 

Subsidiary  raw-motor  control  are  scattered  through  the  grey  matter,  the 
principal  vasomotor  centre  being  situated  in  the  bulb. 


CHAPTER  XLVIIL 

FUNCTIONS  OF  THE  CBREBBUM. 

11  is  the  seat  of  those  psychical  or  mental  processes 
which  are  called  volition  and  feeling ;  volition  is  the  starting 
point  in  motor  activity;  feeling  is  the  final  phase  of  sensory 
impressions. 

In  the  days  of  the  ancients  very  curious  ideas  prevailed 
the  use  of  the  brain,  It  is  true  that  Alkmaon  as  early  as  580  B.C. 
placet!  the  seat  of  consciousness  in  the  brain,  but  this  view  was 
of  the  nature  of  a  guess,  and  did  not  meet  with  general  accept- 
ance;  and  two  hundred  years  later  Aristotle  considered  that  the 
principal  use  of  the  brain  was  to  cool  the  hot  vapours  rising  from 
the  heart  At  this  time  the  goat  of  mental  processes,  especially 
those  of  an  emotional  kind,  was  supposed  to  be  in  the  heart,  an 
idea  now  confined  to  poets,  or  in  the  bowels,  as  those  acquainted 
with  such  ancient  writing!  as  the  Bible  will  know: 

As  lime  went  on  truer  notions  regarding  the  brain  came  to  the 
fore  ;  tints  Herophilus  {300  B.C.)  was  aware  of  the  danger  attend- 
ing injury  to  the  medulla;  Aretams  and  Gushu  (97  A.i>.)  knew 
that  injury  to   one   side   of  the  brain    produced    paralysis   of   the 

opposite  side  of  the  body,  and  Galen  (131  —  203 a»d»)  was acquainted 
with  the  main  motor  and  sensory  tracts  in  brain  and  cord.  Be- 
tween that  time  and  this,  most  of  the  celebrated  anatomists  have 
contributed  something  to  our  knowledge,  and  one  may  particularly 
mention  Vesalius,  Sylvius,  Rolando,  Uall,  Cams,  Willis,  and 
Bnrd&oh  ;  many  of  these  names  are  familiar  because  certain 
structures  in  the  brain  to  which  they  called  attention  have  been 
christened  after  them.  The  erroneous  notion  that  the  brain  was 
not  excitable  by  stimuli  lasted  even  to  the  days  of  Flovtteuft  %s& 
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Magendie.  In  modern  times,  new  methods  of  research  in  the 
microscopic  and  experimental  direction  have  produced  result 
which  perhaps  in  no  other  branch  of  physiology  have  been  of 
such  immediate  benefit  to  the  human  race  as  those  in  connectim 
with  the  brain. 


Effects  of  Removal  of  the  Cerebrum. 

When  the  cerebral  hemispheres  are  removed  in  a  frog,  it  is  de- 
prived  of  volition  and  of  feeling  ;  it  remains  perfectly  quiescent 
unless  stimulated ;  it  is  entirely  devoid  of  initiatory  power,  but 
as  we  have  already  seen,  it  will  execute  reflex  actions  many  of 
which  are  of  a  complex  nature  (see  p.  644). 

A  pigeon  treated  in  the  same  way  remains  perfectly  motionks 
and  unconscious  unless  it  is  disturbed.  When  disturbed  hi  m 
way  it  will  move,  for  instance,  when  thrown  into  the  air  it  wi 
fly  ;  hut  these  movements  are,  as  in  the  frog,  purely  reflex  in 
character. 

In  mammals  the  operation  of  extirpation  of  the  brain  is  attended 
with  such  severe  haemorrhage  that  the  animal  dies  very  rapidfe, 
but  in  some  few  cases  where  the  animal  has  been  kept  alive,  the 
phenomena  they  exhibit  are  precisely  similar  to  those  shown  by  4 
frog  or  pigeon.  In  the  case  of  the  dog  portions  of  the  oata 
have  been  removed  piecemeal  by  Goltz  of  Strasburg,  until  at  ha 
the  whole  of  the  cortex  has  been  extirpated.  Such  animals  any 
out  co-ordinated  movements  of  a  complicated  character  very  vtfl, 
but  they  manifest  no  intelligence,  and  have  complete  kck  <i 
memory.  They  are  in  a  condition  analogous  to  that  of  the  frogs 
and  pigeons  just  mentioned. 

Localisation  of  Cerebral  Functions. 

When  the  main  function  of  the  cerebrum  was  underetood, 
physiologists  were  divided  into  two  schools ;  those  who  thought 
that  the  brain  acted  as  a  whole,  and  those  who  thought  thai 
different  parts  of  the  brain  had  different  functions  to  perform. 
One  of  the  most  prominent  of  the  first  school  was  Flourena,  and 
Goltz,  whose  work  has  been  done  chiefly  on  dogs,  is  about  the 
only  prominent  living  survivor  of  this  set  of  physiologists. 
Gradually,  as  better  methods  have  come  in,  and  especially  ante 
monkeys  have  been  used  for  experiment,  those  who  believe  in  the 
localisation  of  function  have  multiplied ;  and  now,  localisation  <rf 
cerebral  function  is  more  than  a  theory,  it  is  an  accepted  fact 
Perhaps  the  best  practical  evidence  of  this  is  the  fact  that  experi- 
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ments  on    monkeys  have    been  taken  aa  the   basis  for  surgical 
operations  on  the  human  brain,  and  with  perfect  success. 

The  earliest  to  work  in  the  direction  of  localisation  were 
Hitzig  and  Fritach.  The  subject  was  then  taken  up  by  Ferrier 
and  \v<\  and  hirer  by  Schiiier,  Horsley,  etc.,  in  this  country,  and 
Monk  and  many  others  in  (ion  1 1  any.  In  addition  to  thoje 
Who  have  studied  the  matter  from  the  experimental  standpoint, 
must  also  be  reckoned  the  pathologists,  who  in  the  pott-mortm 
room  have  examined  thi  brains  of  patients  dyiny  from  cerebral 
EtM,  and  carefully  compared  the  position  of  the  disease  with 
the  symptoms  exhibited  by  the  patients  during  life.  In  this  way 
two  series  of  independent  investigations  have  led  to  the  same 
results  ;  both  methods  are  essential,  as  many  minor  details  dis* 
covered  by  the  one  method  correct  the  erroneous  conclusions  which 
are  apt  to  be  drawn  by  those  who  devote  their  entire  attention  to 
the  other. 

The  main  point  which  these  researches  have  brought  out  is  the 
overwhelming  importance  of  the  cortex  \  it  contains  the  highest 
cerebral  centres.  Before  Hitzig  began  his  work,  the  corpus 
striatum  was  regarded  as  the  great  motor  centre,  and  the  optic 
thalamus  as  the  chief  centre  of  sensation  ;  very  little  note  was 
taken  of  the  cortex  ;  it  appears  to  have  been  almost  regarded  as  a 
kind  of  ornamental  finish  to  the  brain.  The  idea  that  the  basal 
ganglia  were  so  important  arose  from  the  examination  of  the 
brains  of  people  who  had  died  from,  or  at  least  suffered  from, 
cerebral  haemorrhage. 

The  most  common  situation  for  cerebral  hemorrhage,  is  either 
in  the  region  of  the  corpus  striatum  or  optic  thalamus  ;  it  was 
noticed  that  motor  paralysis  was  the  most  marked  symptom  if 
the  corpus  striatum  was  injured,  and  sensory  paralysis  if  the 
optic  thalamus  was  injured.  The  paralysis,  however,  is  due,  not  to 
injury  of  the  basal  ganglia,  but  of  the  neighbouring  internal  capsule. 
The  internal  capsule  consists  in  front  of  the  motor-fibres  passing 
down  from  the  cortex  to  the  cord,  and  behind  of  the  sensory  fibres 
passing  up  from  cord  to  the  cortex  (see  p.  629).  Hence,  if  these 
fibres  are  ploughed  up  by  the  escaping  blood,  paralysis  naturally 
is  the  result.  If  a  hemorrhage  or  injury  is  so  limited  as  to  affect 
the  basal  ganglia  only,  and  not  the  fibres  that  pass  between  them, 
the  resulting  paralysis  is  slight  or  absent. 

The  question  will  next  be  asked :  What,  then,  is  the   function 
of  the   basal   ganglia  ?     They  are  what  we  may  term  subsidiary 
centres ;  the  corpus  striatum,  principally  in  connection  with  nu 
ment,  and  the  optic  thalamus,  in   connection  with  sensation,  and 
especially  with  the  sense  of  vision  as  it*  name  indicates. 
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A  subsidiary  centre  may  be  compared  to  a   Bubordinfl 
in   an  army,     The    principal   centre    may  be    o  M»« 

commander-in-chief.  This  highest  officer  gives  a  general  01 
for  the  movement  of  a  body  of  troops  in  a  certain  directlOD  J  wc 
may  compare  this  to  tbe  principal  nuitur-eentre  of  the  cortex 
sending  out  an  impulse  for  w  < ortrun  movement  in  a  limb.  But 
tbe  general  does  not  give  the  order  himself  to  each  individual 
soldier,  any  more  than  the  cerebral  cortex  does  to  each  individual 
muscle;  but  the  order  is  first  given  to  subordinate  offk 
who  arrange  exactly  how  the  movement  shall  be  executed,  and 
their  orders  are  in  tbe  end  distributed  to  the  individual  men, 
who  must  move  in  harmony  with  their  fellows  with  regard  to 
both  time  and  space.  So  the  subsidiary  nerve-centres  or  positiomi 
of  relay  enable  the  impulse  to  be  widely  distributed  by  collateral! 
to  numerous  muscles  which  contract  in  a  similar  orderly,  har- 
monious, and  co-ordinate  manner.  The  subject  of  muscular  co- 
ordination we  shall  consid,  iter  length  in  the  next  chapter. 
on  the  functions  of  the  cerebellum. 

There  ia  just  the  same  sort  of  thing  in  the  reverse  direction  in 
the  matter  of  sensory  impulses.  Just  as  a  private  in  the  at: 
when  he  wishes  to  communicate  with  the  general,  does  so  through 
one  or  several  subordinate  officers,  so  I  he  sensory  impulse  passes 
through  many  cell-stations  or  subsidiary  centres  on  the  way  to 
the  highest  centre  where  the  mental  process  called  sensation,  that 
is,  the  appreciation  of  the  impulse,  takes  place. 

There  are  two  great  experimental  methods  used  for  determining 
the  function  of  any  part  of  the  cerebrum.  The  first  is  stimula- 
tion ;  the  second  is  extirpation.  These  words  almost  explain 
themselves ;  in  stimulation  a  weak  interrupted  induction  current 
is  applied  by  means  of  electrodes  to  the  convolution  under  investi- 
gation, and  the  resulting  movement  of  the  muscles  of  the  body, 
if  any  occurs,  is  noticed,*  In  extirpation  the  piece  of  brain  U 
removed,  and  the  resulting  paralysis,  if  any,  is  observed.     - 

*  It  is  essential  when  the  experinu  mulallng  f 

bi  i in  i*  beine;  performed  that  the  animal  should  be  nnroathcti- 

wise  voluntary  or   i    I  nswiU  ur  which  mask 

stimulation.     I fT  however,  the  anim 
astfflotfc  (Ik*  brain  i>  inexcitablfi. 

On  p.  367  Ehrlich*»  experiments  with  methylene  bli  1.     In 

mi  onnithetiicd  animal  the.  brain  ia  inactive,  and  il 
hitn  the  bl<M>tl+  tbe  bruin  in  seen  to  W-  of  a  blue  colour,      ' 
of  the  cerebral  an rfnee  ia  st  Emulated,  that .  pnrt  of  the  brain 
Action,  oxygen  is  n*ed  up,  and  the  methylene  blue  is  redi  twt* 

!»r  that  mi  loses  it*  blue  tint.     If  th> 

narcotised  that  the  braiu  does  not  discharge  an  imputic,  t ln_-  pari  11 
IJSI  blue. 
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By  such  means  the  cortex  has  been  mapped  out  into  what  we 
id  ay  provisionally  term  motor  areas,  and  sensory  areas. 

Motor  areas.— These  anas  tire  also  tinned  f#UOTM9tetor  Off 
kin(tsthttt<\  fur  reasons  which  will  be  explained  on  p,  664.  The 
name  Rolandic  area  which  they  have  also  received  is  derived  from 
their  anatomical  position. 

Stimulation  of  them  produces  movement  of  some  part  of  the 
Opposite  side  of  the  body  ;  excitation  of  the  same  spot  is  always 
followed  by  the  same  movement  in  the  same  animal.     In  different 
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Pig.  484.— Degeneration  after  deetmction  of  the  Rolandic  are*  of  the  right  hemisphere. 

(After  Qowere.) 


animals  excitation  of  anatomically  corresponding  spots  produces 
similar  or  corresponding  results*  It  is  this  which  has  enabled  one 
to  apply  the  results  of  stimulating  areas  of  the  monkey's  brain 
to  the  elucidation  of  the  function  of  the  similar  brain  of  man. 

Extirpation,  or  removal,  of  these  areas  produces  paralysis  (if  the 
same  muscles  which  are  thrown  into  action  by  stimulation. 

The  degeneration  tracts  after  destruction  of  the  Roland  ie  m  < 
are  shown  in  tig.  482. 

The  shaded  area  in  each  case  represents  the  injured  or  de- 
generated material  ;  a  in  the  cortex,  n  in  the  anterior  part  of  the 
posterior  limb  of  the  internal  capsule,  c  in  the  middle  of  the 
crusta  of  crus  and  mid-brain,  d  in  the  pyramidal  bundles  of 
the  pons,  e  in  the  pyramid  of  the  bulb,  and  p  in  the  crossed  aud 
direct  pyramidal  tracts  of  the  cord. 
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Sensory  areas. — Stimulation  of  these  produces  no  direct 
movements,  but  doubtless  sets  up  a  sensation  called  a  «*//^rft«? 
sensation ;  that  is,  one  produced  in  the  aniraaFs  own  brain,  and 
this  indirectly  leads  to  movements  which  are  reflex;  thus  on 
stimulating  the  auditory  area  there  is  a  pricking  up  of  the  cars ;  «* 
stimulating  the  visual  area  there  is  a  turning  of  the  head  and  eyes 
in  the  direction  of  the  supposed  visual  impulse.  That  such  move- 
ments are  reflex  and  not  direct  is  shown  by  the  long  period  of 
delay  intervening  between  the  stimulation  and  the  moveoicw. 

Extirpation  of  a  sensory  area  leads  to  loss  of  the  sense  in 
question. 

The  rougher  experiments  performed  by  nature  in  the  shape  of 
diseases  of  the  brain  produce  corresponding  results. 

Some  diseases  are  of  the  nature  of  extirpation. 

An  instance  of  this  is  cerebral  haemorrhage.  If  the  haemorrhage 
is  in  the  region  of  the  internal  capsule,  it  cuts  through  fibres  to 
the  muscles  of  the  whole  of  the  opposite  side  of  the  body,  as  they 
are  all  collected  together  in  a  narrow  compass,  and  the  condition 
obtained  is  called  hemiplegia.  The  varieties  of  hemiplegia  are 
numerous,  according  as  motor  or  sensory  fibres  are  most  affected, 
and  in  one  variety  of  hemiplegia,  called  crossed  hemiplegia,  the 
face  is  paralysed  on  one  side  of  the  body,  the  limbs  on  the  other; 
this  is  due  to  injury  of  the  nerve-tracts  in  the  bulb  subsequent  to 
the  crossing  of  the  fibres  to  the  nucleus  of  the  seventh  nerve, 
but  above  the  crossing  of  the  pyramids  (just  below  the  asterisk  in 
fig.  492). 

If  now  the  haemorrhage  occurs  on  the  surface  of  the  brain,  a 
much  more  limited  paralysis,  called  monoplegia,  is  the  result;  if 
the  ami  area  is  affected,  there  will  be  paralysis  of  the  opposite 
arm  :  if  the  leg  area,  of  the  opposite  leg ;  if  a  sensory  area,  there 
will  be  loss  of  the  corresponding  sense. 

Some  diseases,  on  the  other  hand,  act  as  the  induction  currents 
do  in  artificial  stimulation ;  they  irritate  the  surface  of  the  brain; 
such  a  disease  is  a  tumour  growing  in  the  membranes  of  the 
brain  ;  if  the  tumour  irritates  a  piece  of  the  motor  area,  there  will 
be  involuntary  movements  in  the  corresponding  region  of  the 
body  :  these  movements  may  culminate  in  the  production  of 
epileptiform  convulsions  commencing  in  the  arm,  leg,  or  other 
part  of  the  body  which  corresponds  to  the  brain  area  irritated. 
It  is  these  cases  of  "  Jackstmian  Epilepsy"  which  have  given  the 
best  results  in  surgery  ;  the  movement  produced  is  an  indication 
of  the  area  of  the  brain  which  is  being  irritated,  and  the  surgeon 
after  trephining  is  able  to  remove  the  source  of  the  mischief. 
If  the  area  of  the  \>ra\\i  ^\i\&\iV&  \rntatoii&  a  sensory  area,  the 


i  i*j  and  4*  j .— Brain  of  dog,  viewed  from  above  and  in  profile.  F,  frontal  future 
sometimes  termed  crucial  mi  leu*.  <T>rn.*ponding  to  thu  ftaaure  of  Etol*ado  in  man. 
S,  fimure  of  Sylvius,  around  vrhfrh  the  four  lunfritudinal  i  onvolutions  are  concentrically 
arranged ;  i,  flexion  of  bead  on  the  i  mdian  line ;  2,  flexion  of  head  on  the 

neck,  with  rotation  towards  tht  *sde  of  the  Htimulun;  j,  i*  flexion  and  extension  of 
■interior  limb;  md  extension  of  posterior  tomb;      ,  ft,  >>.  ^ntiwtion  *«f 

t trbit ularis  oeolit  and  the  furial  mu^le*  in  general.  The  unshaded  part  i«  that  exposed 
by  opening  the  sk  ull .     |  Dal  ton . ) 
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Fig,  4&J  ta  a  view  of  the  dog*  brain 
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L         the  subject  la  tfcf 

hands    of    Hita* 

and    Fritach.     If 

the    text  beoaub 

the  figure  »  «o 

suited,  it  *il]  fe 

seen  that  then* 

tor  areas,  mapped 

out  bj  the  oietta 

of  stimuladon,  in 

situated     in    u* 

neighbourhood  of 

the    crucial    xulr*$y   rfa&t 

corresponds   to  the  fin* 

I  Rolando  in  man. 

ling  next  to  the  bam 
of  the  monkey,  figurt? 
find  4S6  aiv 
from  Fcrrier.  He  muted 
out  the  surface  intoanum 
l>er  of  circles,  ^tinmlitioo 
of   each  of  which  pradoiud 

1   face,  arm,  ml 
leg   from    below  up* 

rpatioo   of   these  bum 
areas    produced  * 

be    further    noticed 
these  areas  bj 
around   the 
land* 

af  m 
trending    pamta] 
hence   the  term  Holandie  area   wh  fan  applied  to 

this  region  of  the  br 

These  (acta,  Wwavex,  wre  oft  \^\\\t\\«\ SstaMrti  We&u&e  of  their 
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application  to  the  human  brain,  to  which  we  now  pass.  The 
following  maps  of  the  humau  brain  were  prepared  from  data 
partly  derived  from  the  examination  of  the  monkey's  brain,  and 
partly  from  the  post-mortem  examination  of  human  brains  in  cases 
of  brain  disease.     Fig.  487  shows  the  outer  surface  of  the  right 


fRONTAl 


L0BE        T^>o«Arc7oer 
Fig.  487.— Bight  cerebral  hemisphere,  outer  surface. 

cerebral  hemisphere  with  the  names  of  the  principal  convolu- 
tions and  fissures  inserted.  Fig.  488  gives  the  corresponding 
surface   of   the  left  hemisphere   with  the  principal  motor  and 


Fig.  488.— Left  cerebral  hemisphere,  outer  surface. 

sensory  areas  marked.  Fig.  489  shows  the  mesial  surface  of  the 
right  hemisphere  with  the  names  of  the  convolutions  and  fissures. 
Fig.  490  gives  the  corresponding  surface  of  the  left  hemisphere 
with  the  functional  areas  marked. 

Motor  areas  of  the  Human  Brain. — Roughly,  these  occupy 
the  convolutions  around  the  fissure  of  Rolando,  and  turn  over  the 
edge  of  the  hemisphere  into  the  marginal  convolution  of  the  mesial 
surface ;  from  below,  up  and  backwards,  we  have  t\&  ureaa  tot 

\j  \3  1 
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the  head,  arm,  and  leg  in  the  order  named.     More  accurately  the 
areas  are  as  follows : — 

II tody  neck,  and  face :  lower  two-thirds  of  the  ascending  frontal, 
bases  of  the  lower  and  middle  transverse  frontal,  a  small  piece 


l  OB  t 


Fig.  489.— Right  cerebral  hemisphere, 


mesial  surface- 


reaching  the  front  of  the  motor  region  in  the  marginal  convtvlutMi 
of  the  mesial  surface. 

Upper  limb  :  upper  third  of  the  ascending  frontal,  the  base  of 
the  upper  transverse  frontal,  the  ascending  parietal  (where  the 


Fig.  400.— Left  cerebral  hemisphere,  mesial  surface. 

centres  of  hand  and  wrist  are  situated),  and -the  piece  of  the 
marginal  behind  the  head-centre. 

Lower  limb  :  the  parietal  lobule,  and  the  posterior  part  of  the 
marginal. 

Trunk  :  the  marginal  between  the  leg  and  arm  areas. 

The  next  diagram  (fig.  491)  shows  the  relative  position  of  the 
several  motor-tracts  in  their  course  from  cortex  to  eras,  according 
to  Sir  William  Go  were. 

The  fottowing  d\«t^ra.\xk  i^v^.  v^^&H^^x«tVx<3&l  «»tion  through 
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the  brain,  and  enables  one  to  trace  the  motor-tracts  to  the  nucleus 
of  the  seventh  or  facial  nerve  of  the  opposite  side,  and  to  the 


Etf. 


Fig.  49  «•—  Diagram  to  show  the  relative  positions  of  the  several  motor  tracts  in  their 
course  from  the  cortex  to  the  cms.  Tne  section  through  the  convolutions  is  vertical ; 
that  through  the  internal  capsule,  I,  C,  horizontal;  that  through  the  eras  also 
horizontal.  C.  N.  caudate  nucleus ;  O.  TH..  optic  thalamus ;  La  and  La,  middle  and 
outer  part  of  lenticular  nucleus ;  /,  a,  lf  face,  arm,  and  leg  fibres.  The  words  in 
italic*  indicate  corresponding  cortical  centres ;  F.S.,  fissure  of  Sylvius.    (Gowers.) 


Fig.  492.— Fibres  are  seen  passing  from  the  cortex  of  the  Rolandic  area  through  the  corona 
radiata  to  the  internal  capsule  (I.C.) :  a  few  collaterals  to  the  corpus  callosum  (C.G.) 
are  also  put  in.  I.E.,  island  of  ReO ;  Cl.f  claustrum ;  O.T..  optic  thalamus  ; 
C.N.,  caudate  nucleus ;  L.N.,  lenticular  nucleus.  The  asterisk  indicates  the  place  of 
decussation  of  the  face  fibres  to  VII.,  the  nucleus  of  the  seventh  nerve.  C.P.T., 
crossed  pyramidal  tract ;  D.P.T.,  direct  pyramidal  tract. 

pyramidal  tracts  of  the  spinal  cord.     In  this  and  in  the  preceding 
figure  the  letterpress  underneath  them  should  be  carefully  ro\&\Ata&, 
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The  marginal  convolution  was  first  investigated  by  Sehafer  and 
Horsley,  and  to  them  belongs  the  credit  of  discovering  the  centre 
for  the  trunk  muscles.  If  one  marginal  convolution  is  removal 
in  an  animal,  there  is  much  more  marked  paralysis  of  tbc  opposite 
limbs  than  < if  the  trunk  ;  if  the  two  marginal  convolutions  are 
removed,  there  la  very  complete  paralysis  of  the  trunk  as  well  as  of 
the  limbs.  In  cases  of  hemiplegia  in  man,  there  is  usually  very  1 1 1 
paralysis  of  the  trunk  muscles.  It  is  the  muscles  which  act  nor* 
mally  unilaterally  that  arc  most  paralysed.  The  muscles  of  the 
trunk  always  normally  move  bilaterally  ;  thus  we  use  both  sides  of 
our  chest  in  breathing;  both  sets  of  hack  muscles  in  main  tan 
an  erect  position,  and  so  on.  The  spinal  rent  res  of  the  muscles 
of  the  two  sides  are,  no  doubt,  connected  b}T  commissural  fibres, 
and  therefore  can  be  affected  from  lx>th  sides  of  the  brain. 

The  Speech  centre. — This  is  surrounded  by  a  dotted  circ 
fig.  4H8.  There  are  other  centres  concerned  in  speech  besides 
this,  hut  this  is  the  centre  for  the  muscular  actions  concerned  in 
speech.  The  discovery  of  this  centre  was  the  earliest  feat  in 
the  direction  of  cerebral  localisation.  It  was  discovered  by  a 
French  physician  named  Broca ;  he  noticed  that  patients  who  died 
after  hemorrhage  in  the  brain,  but  who  previous  to  death  exhi- 
bited a  curious  disorder  of  speech  called  aphasia,  were  found,  after 
death,  to  have  the  seat  of  the  hemorrhage  iu  this  convolution.  The 
convolution  is  generally  called  Broca's  convohtfiom.  Experiments  on 
animals  are  obviously  useless  in  discovering  the  centre  for  speech. 

The  most  curious  fact  about  the  speech-centre  is  that 
unilateral ;  it  is  situated  only  on  the  left  side  of  the  brain,  except 
in  left-handed  people,  where  it  is  on  the  right.  We  are  thus 
left-brained  so  far  as  the  finer  movements  of  the  hand-muscles 
are  concerned,  and  we  are  also  left-brained  in  regard  to  speech,  an 
action  which  is  a ppa ren 1 1  v  b i  1  a t  e ra L 

The  Sensory  areas  of  the  Human  Brain. — These  are  much 
less  accurately  mapped  out   than    the  motor  jircas.      Tie 
part  coincident  with  the  so-called  motor  areas,  and  in  1  ited 

behind  these. 

The  visual  'irea  is  situated  in  the  occipital  lobe,  aud  the  angular 
gyrus.     Sir  W.  Gowero,  011  clinical  grounds,  regards  ujar 

gyrus  as  the  higher  psychical  centre  for  vision  corresponding 
to  the  opposite  eye.  But  experimentally  we  know  much  mort 
alaiut  the  relationship  of  the  occipital  lobes  to  vision,  Extirpa- 
tion of  one  occipital  lobe  in  an  animal,  or  disease  of  that  lobe  in 
man,  produces  blindness  of  the  same  side  of  each  retina  ;  this 
condition  is  called  ktmiftuopnfa 

lft  for  instance,  the.  rv^Yit  occulta  I  lobe  is  » 
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is  blindness  of  the  temporal  half  of  the  right  retina,  ami  the  nasal 
half  of  the  Left  retina,  leading  to  an  inability  to  see  things  in  the 
left  half  of  the  field  of  vision  ;  the  animal  turns  its  head  and  eyes 
to  the  same  side  as  the  lesion,  or  in  technical  language  there  is 

jugate  deviation  of  head  and  eyes  to  the  right. 

Stimulation  of  the  visual  area  (and  this  is  true  for  both  the 
occipital  lobe  and  the  angular  gyrus)  leads,  no  doubt,  to  a  sub- 
jective visual  sensation  of  the  corresponding  halves  of  the  hvn 
ret  into.  Suppose  the  eight  visual  area  is  stimulated,  the  subjec- 
tive sensatiou  will  appear  to  come  from  the  right  halves  of  tie' 
retina? ;  the  animal  therefore  imagines  light  is  falling  on  its  eyes 
from  the  left  and  BO  there  is  conjwjate  deviation  of  the  head  ami 
eyes  to  the  left  ;  that  is,  the  opposite  side  to  that  stimulated. 

The  auditory  area  was  localised  by  Ferrier  in  the  superior 
temporo-sphenoidal  convolution.  But  there  is  considerable  doubt 
whether  this  is  correct ;  it  is  so  much  more  difficult  to  tell  when 
an  animal  is  deaf  than  when  it  is  blind.  Similar  uncertainty 
exists  as  to  the  situations  for  taste  and  smell.      No  doubt  they  are 

eely  connected,  and  they  have  been  placed  provisionally  in  the 
uncinate  convolution,  and  tip  of  the  temporo-sphenoidal  lobe. 
The  large  size  of  these  parts  in  animals  with  a  keen  sense  of  smell 
lends  support  to  this  idea. 

Tactile  sensibility  was  localised  by  Senate  in  the  limbic  lobe, 
but  there  is  so  much  doubt  about  this,  that  a  <jnery  is  placed  after 
the  words  •'  tactile  sense/'  in  the  gyrus  foruicatus  in  tig.  490, 

flunk's  view,  supported  in  this  country  by  Banian,  Mott,  and 
numerous  others,  is  that  the  sensory  fibres  from  the  skin  and 
muscles  terminate  ID  the  Rolandk  area;  and  the  histological 
researches  of  Golgi  and  Ramon  y  Oljil  (see  h^s.  469  and  472) 
point  to  the  mine  n  inclusion.  This  is,  in  fact,  what  one  would 
expect,  volition  and  feeling  are  associated  together  BO  cloeelj 
phv  ilyT  that  anatomically   we   should    expect   to    find    the 

commencement  of  the  volitional  fibres  contiguoui  to  the  termina- 
tions of  the  sensory  fibres.  That  this  is  really  the  case  has  been 
shown  by  a  careful  examination  of  the  sensation  in  animals  in 
which  the  ilolandic  area  lias  been  removed,  and  in  eases  of  hemi- 
plegia in  man.  The  most  delicate  test  is  to  place  a  clip  OH  the 
lingers  or  toes,  taking  care  the  animal  dues  not  sec  the  clip  put  OQ. 

If  there  ia  loss  of  tactile  sensibilit y  the  monkej  *  it  in  1  takes  ■  1  > '  n<  tice 

at  all  of  the  clip  or  removes  it  after  a  Long  delay,  W  In  Tims  if  sensa- 
tion is  perfect  the  moukcv  at  oner  mi/cs  the  elip  and  Elingt  \\  away. 

It  is  found  that  the  intensity  of  both  the  motor  and  sensory  para- 
lysis are  directly  proportional  to  each  other.  Hence  the  term  motor 
area  which  we  have  been  provisionally  employing  for  the  Kolaiidic 
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area,  should  be  replaced  by  the  more  ct  rm  senaori- motor 

or  kinesthetic  area.    These  new  terms  h  hat  rally 

occurs  in  the  Kuhindic  urea  is  R 

as  a  stimulus  via  the  pyramidal  tra  jrocntns 

which  are  in  the  opposite  anterior  horn  <-f  tl  L    IftW 

tlif  spinal    nerves  are    divided    tl 
BODSHtton  le  of  dm  'run 

from  the  ruu  ly    the    ti 

into  action  ;   when  all  the  posterior  to* 

a  monkey   are  cut,  the   muscles,  so    far  as  voluntary  moveraemi 
are  concerned,  ire   iu   fact  a-  tallj     pe 

anterior  rents  of   the  spinal   nerves  had  been  cut.      The   musch% 
\  i  o  vv  o  v  c  r  T  do  not  de  ge  t 1  e  ra  te  as   th  e  y  w  o  old    if  the  an  tenor  ronu 
had  been  cut.     They  merely  undei 
due  to  want  of  use  (M  disuse  atroph\ 

The  question  will  then  be  asked,  what  is  the  function 
fornicaUis;  on  removal  of  this  convolution  there  is  some  )cat  of 
sensation  ;  this  has  been  explained  by  the  fact  that  ou  remoTiuf 
this  area  of  grey  matter  it  is  almost  im possible  to  avoid  injury  to 
the  white  matter  beneath  it,  and  thus  there  will  be  loss  of  function 
due  to  division  of  the  fibres  on  the  way  to  the  marginal  codtouV 
tion,  which  is  like  the  Roland te  area,  sen sori -motor  in  function. 

It  is,  however,   quite  possible  that    the    gyrus  fornicatu*  hit 
something  to  do  with  sensation.     The  term  tactile  sense  is  a  tot 
general  one  ;  it  really  includes  the  true    sense  of   touch  f ri  i 
skin,  the  muscular  sense,  general  sensibility,  the  sensation  of 
and  the  sensations  of  heat  and  cold.      It  is    tbe  first    ' 
tactile  sense,  and  the  muscular  sense)  which  are  so  important  in 
the  regulation  of  the  resulting  muscular  movements.      The  of 
probably  go  by  a  different  channel  to  the  brain  (see  p.  64a),  and 
probably  reach  a  different  destination  in  the  bn; 


Prof.  ScMfer  is  one    prominent  worker  who   has   not  .  lluta* 

views   <>n   this  subject.     He  <till   regards  tbe   Rot; 
motor  in  function.    Naturally,  ho  does  n*»r  deny  that  it  ha< 
sensory  fibres,  but  be  considers  fl  tncorn  \k  of   the  area  asm  seamy 

one.     He  bis  produced  injuries  of  the  area  without  obtaining  any 

.1  Him,  and  in  testing  t  tie  ten  sat.  ions  of  his  monkeys 
i if  stjuking;  the  skin,  which  he  n  trards  as  more  trust worthy  1 
lest.     Tin'  &  tisorj  (list u r hauces  observed   by  "thei  ttors  he  re^srtl* 

as  due  to  general  disturbance  "f  Ihe  whole  btain   | 
of  the  operation,     The  exact  localisation  of  r> 

the  future,  as  in  In-  most  recetil  experiments  Schafer  has  fa  nana 

bis  fiarlief  one*  on  the  gyrus  tornfoatt 

On  referring  once  more  to   the  maps   of  the   brain,  it  1 
BCftll  that  there  is  a  lanje  blank  u\  the  anterior  part  of  the  fronuJ 
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region.  This  is  left  blank  because  its  function  is  absolutely  un- 
known. Extirpation  or  stimulation  of  this  part  of  the  bruin  in 
animals  produces  no  appreciable  result.  It  has  also  been  removed 
accidentally  in  man,  as  in  the  celebrated  American  crowbar  acci- 
dent; owing  to  the  premature  explosion  of  a  charge  of  dynamite 
in  one  of  the  American  mines,  a  crowbar  was  sent  through  the 
frontal  region  of  the  foreman's  head,  removing  the  anterior  part 
of  his  brain.  Hct  hnwevcr,  recovered,  Hid  no  noteworthy  symp- 
toms were  observed  in  him  during  tin  red  of  his  life.  He,  indeed, 
returned  to  his  work  as  over>< N  r  of  the  mine. 

The  large  site  of  this  jHjrtion  of  the  brain  is  very  distinctive  of 
the  human  brain,  and  it  has  therefore  been  supposed  that  hen 
is  the  seat  of  the  intellectual  faculties.  This  may  be  so,  but 
experimental  physiology  lends  no  support  to  this  view,  as  the 
sensory  centres  (and  sensations  are  the  materials  for  intellect)  are 
m  mated  behind  or  within,  and  not  in  front  of,  the  Roland ic  area. 


CHAPTER   XLIX. 

FUNCTIONS    OF    THE    CEREBELLUM. 

In  past  times  there  have  been  several  views  held  as  to  the 
functions  of  the  cerebellum.  One  of  the  oldest  of  these  was  the 
idea  that  the  cerebellum  was  associated  with  the  function  of 
generation  ;  another  view,  first  promulgated  by  Willis,  was  that 
the  cerebellum  contained  the  centres  which  regulate  the  functions 
of  organic  life  ;  this  arose  from  the  circumstance  that  diseases 
of  the  cerebellum  are  often  associated  with  nausea  and  vomiting  ; 
it  is  a  familiar  fact  that  in  displacements  of  equilibrium  such  as 
occur  on  board  ship  in  a  rough  sea,  or  in  the  disease  called 
Meniere's  disease,  sickness  is  a  frequent  result ;  it  appears  from 
this  that  the  cerebellum  does  receive  from  or  send  to  the  viscera 
certain  impulses.  The  third  and  last  of  these  older  theories  was 
that  the  cerebellum  was  the  centre  for  sensation.  This  arose 
from  kht  fact  that  e.  rtain  of  the  afferent  channels  of  the  spinal 
cord  were  traced  into  the  cerebellum.  The  impulses  that  travel 
along  these,  however,  though  afferent,  are  not  truly  sensory, 
and  their  reception  in  the  cerebellum  is  not  associated  with 
oooaciouBni 

The  true  function  of  the  cerebellum  was  firat  -pomtfcd  qva\*  V$ 
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Flourens,  and  our  knowledge  about  it  has  not  advanced  much 
from  the  condition  in  which  Flourens  left  it.  He  showed  that 
the  cerebellum  is  the  great  centre  for  the  co-ordination  of  muscu- 
lar movement,  and  especially  for  that  variety  of  co-ordination 
which  is  called  equilibration — that  is,  the  harmonious  adjustment 
of  the  working  of  the  muscles  which  maintain  the  body  in  a 
position  of  equilibrium. 

It  must  not  be  supposed  from  this  that  the  cerebellum  is  the 
sole  centre  for  co-ordination.  We  have  already  seen  that  all  the 
machinery  necessary  for  carrying  out  very  complicated  locomotive 
movements  is  present  in  the  spinal  cord.  The  higher  centres  set 
this  machinery  going,  and  the  work  of  arranging  what  muscles 
are  to  act,  and  in  what  order,  is  carried  out  by  the  whole  of  the 
grey  matter  from  the  corpora  striata  to  the  end  of  the  spinal 
cord,  including  such  outgrowths  as  the  corpora  quadrigemina  and 
cerebellum.  An  instance  of  a  complex  co-ordinated  movement  is 
seen  in  what  we  learnt  to  call  in  the  last  chapter  cmjugak 
deination  of  head  and  eyes.  The  higher  cortical  centre  gives  the 
general  word  of  command  to  turn  the  head  and  eyes  to  the  right: 
the  subsidiary  centres  or  subordinate  officials  arrange  that  this 
is  to  be  accomplished  by  the  external  rectus  of  the  right  eye 
supplied  by  the  right  sixth  nerve,  the  internal  rectus  of  the  left 
eye  supplied  by  the  left  third  nerve,  and  numerous  muscles  of 
neck  and  back  of  both  sides  supplied  by  numerous  nerves.  We 
thus  see  how  the  complicated  intercrossing  of  fibres  and  connec- 
tions of  the  centres  of  the  various  nerves  are  brought  into  play. 

The  functions  of  the  cerebellum  are  investigated  by  the  same 
two  methods  of  experiment  (stimulation  and  extirpation)  that  are 
employed  in  similar  researches  on  the  cerebrum.  The  anatomical 
connections  of  the  cerebellum  with  other  parts  of  the  cerebro- 
spinal axis  have  been  chiefly  elucidated  by  the  degeneration 
method.  Each  side  of  the  cerebellum  has  three  peduncles ;  the 
superior  peduncle  connecting  it  to  the  opposite  hemisphere  of  the 
cerebrum,  the  inferior  peduncle  connecting  it  to  the  same  side  of 
the  spinal  cord,  and  the  middle  peduncle  contains  fibres  which 
link  the  two  halves  of  the  cerebellum  together  in  a  physiological 
though  not  in  an  anatomical  sense.  The  inferior  peduncle  termi- 
nates in  the  vermis  ;  in  some  of  the  lower  animals  the  vermis 
is  practically  the  only  part  of  the  cerebellum  which  is  present, 
and  it  is  this  part  of  the  cerebellum  which  is  principally  con- 
cerned in  the  co-ordination  of  the  bodily  movements.  The  cere- 
bellar hemispheres  are  especially  connected  with  the  opposite 
cerebral  hemispheres ;  and  possibly  just  as  the  different  regions 
of  the  body  have  coTres^ow^vw^  ktc*&  ybl  \k»  «ft.rehrum%  so  also 
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they  are  similarly  represented  in  tiki  cerebellum  ;  but  localisation 
>»f  function  in  the  cerebellum  has  not  gone  sufficiently  far  yet  tfl 
make  this  a  certainty. 

After  hemi- extirpation,  degeneration  occurs  in  the  peduncles  of  the  same 
su\*'  :  there  are,  therefore,  no  commissural  fibres  that  actually  pass  from 
one  hemisphere  to  the  other.  In  the  tmprrwr  peduncle,  the  degen ernted 
fibres  pass  chiefly  to  the  tegmental  nucleus  of  the  opposite  side,  but  partly 
to  that  of  the  same  side  ;  in  other  words,  the  decussation  of  these  pe<hjnr)»  > 
in  the  mid-brain  is  not  complete.  Some  fibres  are  traceable  to  the  optic 
thalamus.  The  muidlr  peduncle  is  completely  degenerated  as  far  as  thu 
raphe,  mhm  Uwrj  intermingle  with  the  fibres  from  the  opposite  side.  The 
>ltt,  rwr  pedapcle  was  stated  by  Lucinni  and  Marchi  to  be  also  degenerated, 
and  these  observers  traced  the  fibre*  down  into  tbe  cord.  But  their  state- 
ments  have  ml  been  confirmed  by  the  most  recent  and  careful  work  of 
Farrier  and  E&istan  Kunseli.    if  such  f£bm  do  exist,  ^ietc  end  c 

d$soo?md  psenoe  the  nee  of  a  dotted  tine  in  fit:-  472,  p.  635). 

ted  fibres  in  the  inferior  pedum1]*/  kate  been  traced  to  £0 

otneefte  loeref  olivary  body  wtddi  completely  atrophiestarnl  also  to  the  mnleus 

of  Deiten  (see  p.  612).  the  cells  of  which  are  probably  cell  stations  on  Use 

course  «»f  the  Bold  that  emerge  fn>m  the  cerebellum. 

If  the  cerebellum  is  removed  in  an  animal,  or  if  it  is  the  scat 
of  disease  in  man,  the  result  ts  a  condition  of  slight  muscular 
weakness ;  but  the  principal 
symptom  observed  is  inat-ordina- 
titmy  chiefly  evidenced  by  a  stag- 
goring  <ruit  Bfanflar  to  that  seen 
in  a  drunken  man.  It  is  called 
crrrbrffar  'tfttxy. 

In  order  that  the  cerebellum 
may  duly  execute  lie  function  of 
equilibration  it  is  necessary  thai 
it  should  send  out  impulses;  this 
it  does  by  fibres  that  leave  its 
cells  and  puss  out  through  its 
peduncles;  they  pass  out  to  the 
opposite  cerebral  hemisphere,  end 
so  influence  the  discharge  of  the 
impulses  from  the  cortex  of  the  cerebrum.  It  is  quite  pomHfl 
that  impulses  pass  out  to  the  cx>rd  (see  dotted  Yme  in  tig.  472), 
but  the  exact  course  of  these  fibres  if  they  do  exist,  has  still  to 
be  worked  out.  The  only  way  of  which  we  have  any  certain 
knowledge  by  means  of  which  the  cerebellum  influences  the  motor 
discharge  is  as  an  elaborate  cell  station  on  the  course  of  sensory 
impulses  to  the  cerebrum. 

The  cerebellum  thus  acts  upon  the  muscles  of  the  same  side 
t»f  the  body  in  conjunction  with  the  cerebral  hemispheres  nf  the 
upjHJsitc  side.     The  close  inter-relation  of  QM  eeveW^X  VwJci  \\*t 


Fig.  493.—  Thii  i*  a  reproduction  of  * 
photograph  of  a  lunatic' ■  tram  lent 
me  by  D».  Frick*.  One  cerebral  and 
tbe  opposite  cerebellar  hemisphere 
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opposite  cerebellar  hemisphere  i,s  shown  in  cases  of  brain  disease. 
In  which  atrophy  of  one  cerebellar  hi  re  follows  th 

opposite  cerebral  hetnispher.  :.  493). 

In  order  that  the  cerebellum    may  send   out   impulses  in  this 
it  is   necessary  that   it   receive   impulses 

ring  it  informed  of  the  position  of  the  body  in  space     These 
afferent  impulses  are  of  four  kinds,  namely  : — 

i.  Tactile.  3.    Visual. 

2.   Muscular.  4.    Labyrinthine. 

We  will  take  these  one  by  one  : — 

1.   Ta  t'remiont.—  The  importance  of  impulses  from  the 

skin  is  shown  in  those  diseases  of  the  sensory  tracts  (especially 

locomotor  ataxy)  where  there  in 
diminution  in  the  tactile  mum 
111  the  soles  of  the  feet.  In  such 
cases  the  patient  cannot  stand 
with  his  eyes  shut.  The  shim 
effect  may  be  produced  experi- 
mentally by  freezing  the  a 
the  El 

if  the  skin  is  stripped 
from  the  hind  limbs  of  a  bnin- 
less  frotr,  it  is  unable  to  execute 
such  re  Hex  actions  as  climbing 
an  inclined  plane,  which  it  can 
do  <]uite  well  when  the  akin  is 
uninjured. 

2.    Mm  mprtssicmt*  — 

Quite  as  important  as  the  tactile 
sense  from  the  skin   is  till 
cular  sense,  the  sense  whi' 
ables  us  to   know    what  we  an» 
doing    with    our    muscles.     W« 
have  hitherto  chiefly  spok 
the    cat&soul&r    nerves    as  being 
motor ;    they    also   contain  eeo- 
aory  fibres  ;  these  pass  from  the 
muscles,  and   their  tendons    to    tl  rior  roots    of    the  spina) 

nerves,  and  the  impulses  ascend  the  sensory  tracts  through  cord 
and  brain  to  reach    the   cerebellum   and  the  Rolmndk  area.     In 
some  cases  of  locomotor  ataxy  there  is  but  little  loss  of  I 
sensibility,  and   the  condition  of  inco-ordi nation   is    then   < 
due  to  the  loss  oi  tiac  muwiviXttc  wsvvaa. 


FIgr.  49  [.— Right  bony  labyrinth,  viewed 
from  the  outer  Bide.  The  specimen  here 
represented  was  prepared  by  eepa- 
niliri.-  ptoeent-  ,d  thr  Uwr  ■iubstjinrr 
of  the  petrous  bone  from  the  dense 
walls  which  immediately  enclose  the 
labyrinth.  1,  the  vestibule;  a,  fen- 
estra oralis ;  j,  superior  semiciirular 
canal;  4,  horizontal  or  external  canal ; 
5,  posterior  cans!  ;  *,  ampul  I  w  of  the  , 
semicircular  raosJn ;  \  first  turn  of 
the  cochlea ;  7,  second  turn ;  lT  apex  ; 
9,  fenestra  rotunda.  The  smaller 
figure  in   outline   below  shows  the 

natural  size.     ?!    (Summering-.) 
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3.  Visual  impression*, — The  use  of  visual  impressions  in  guid- 
ing the  nervous  centres  for  the  maintenance  of  equilibrium  is 
seen  in  those  cases  of  locomotor  ataxy  where  there  is  loss  of 
equilibrium  when  the  patient  closes  his  eyes.  Destruction  of  the 
eyes  in  animals  often  causes  them  to  spin  round  and  lose  their 
balance.  The  giddiness  experienced  by  many  people  on  looking 
at  moving  water,  or  after  the  onset  of  a  squint,  or  when  objects 
are  viewed  under  unusual  circumstances,  as  in  the  ascent  of  a 
mountain  railway,  is  due  to  the  same  thing.  The  importance  of 
keeping  one's  eyes  open  is  brought  home  to  one  very  forcibly 
when  one  is  walking  in  a  perilous  position,  as  along  the  edge  of 


Fig-  4  95  •  — Section  of  h  maun  *tn  ieireul nr  citiiul .      Af  l  v  r  I M  •  2 1  > 
itboue;   I,  periosteum ;   j,  j,  fibrous  burnt*  MHMtitfag  the  peristeum  to  f,  the  outer 
fl brou*  ooftt  of  the  mcinbmiirjus  mrud  ;  5,  t  u  1 .1-  ■  1  |M<ppciA  J  6,  ♦  piLh^liutn. 


a  precipice,  where  an  upset  of  the  equilibrium  would  be  attended 
with  serious  consequences. 

4.  Labyrinthine  MNpytottfrpfif, — These  are  the  most  important 
of  all  5  they  are  the  impressions  that  reach  the  central  nervous 
system  from  that  part  of  the  internal  our  nil  led  the  labyrinth. 
Here,  Imwrvtr,  \vl-  must  pause  to  consider  first  some  anatomical 
facts  in  connection  with  the  semicircular  canals  that  make  tip  the 
labyrinth*  Pig,  494  is  an  external  view  of  the  internal  ear  ; 
it  in  enelcwed  within  the  petrous  portion  of  the  temporal  bone; 
ami  consists  of  three  parts — the  vestibule  (1),  the  three  semi- 
circular canals  (3,  4,  5)  which  ripen  into  the  vestibule,  and  the 
tube,  coiled  like  a  snail's  shell,  called  the  cochlea  (6,  ;t  8).  The 
cochlea  is  the  pftj  t  of  the  apparatus  which  is  roiin  med  in  the 
reception  of  audi  tor  v  impressions  ;  it  is  supplied  \>n  \W  v^OuVax 
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division  of  the  eighth  or  auditory  nerve.  The  remainder  of  the 
internal  ear  is  concerned  not  in  hearing,  but  in  the  reception  of 
the  impressions  we  are  now  studying.  Within  the  vestibule  are 
two  chambers  made  of  membrane,  called  the  utricle  and  the 
saccule  ;  these  communicate  with  one  another  and  with  the  canal 
of  the  cochlea.  Within  each  bony  semicircular  canal  is  a  mem 
branous  semicircular  canal  of  similar  shape.  Each  canal  is  filled 
with  a  watery  fluid  called  endolymph,  and  separated  from  the 
bony  canal  by  another  fluid  called  perilymph.  Each  canal  has  a 
swelling  at  one  end  called  the  ampulla.  The  membranous  canals 
open  into  the  utricle ;  the  horizontal  canal  by  each  of  its  ends ; 
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Fig.  496.  —Section  through  the  wall  of  the  ampulla  of  a  semicircular  canal,  pMsat 
through  the  crista  acoustica.  1,  epithelium :  2,  tunica  propria ;  j,  fibrou*  layer  of 
canal ;   N,  bundles}  of  nerve-flbres ;    C,  cupula,  into  which  the  hairs  of  the  hair-alb 

project.    (After  Schafcr.) 

the  superior  and  posterior  vertical  canals  by  three  openings,  these 
two  canals  being  connected  at  their  non-ampullary  ends. 

Fig.  495  shows  in  transverse  section  the  way  in  which  the 
membranous  is  contained  within  the  bony  canal  ;  the  membranous 
canal  consists  of  three  layers,  the  outer  of  which  is  fibrous  and 
continuous  with  the  periosteum  that  lines  the  bony  canal ;  then 
comes  the  tunica  propria,  composed  of  homogeneous  material,  and 
thrown  into  papilla?  except  just  where  the  attachment  of  the 
membranous  to  the  bony  canal  is  closest ;  and  the  innermost 
layer  is  a  somewhat  flattened  epithelium. 

At  the  ampulla  there  is  a  different  appearance ;  the  tunica 
propria  is  raised  into  a  hillock  called  the  crista  acoustica  (see 
fig.  496)  ;  the  cells  of  the  epithelium  become  columnar  in  shape, 
and  to  some  of  them  fibres  of  the  auditory  nerve  pass,  arborising 
round  them  ;  these  cells  are  provided  with  stiff  hairs,  which  pro- 
'Uto  what  \s  ca\W\  \\\c  cupula,  *.  ywsnsa  <&  \srasN&-Uke  material 
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containing  otoliths  or  crystals  of  calcium  carbonate.  Between 
tin  ti;iii  oelli  are  fibre-oelle  which  act  as  rapports  (fig.  497)*  When 
tb  endoljmph  in  the  interior  of  the  canals  is  thrown  into  vibra- 
tion, the  hairs  of  the  hair-tells  are  affected,  ami  a  nervous  impulse 
is  set  up  in  tlie  contiguous  Derve-fibres,  which  cam'  it  to  the 
central  nervous  syst<  m. 

The  walls  of  the  saccule  ami  utrirle  ate  similar  in  composition, 

;w\i\  each  baa  -i  simitar  hillock,  called  a  mtt<uht<  to  the  bairoolh 

nn    ulnrh    nerve  fibres   are   dis 

thbuted. 

Themacufakof  the  utricle  and 

the  gristle  of  the  superior  ami 
horizontal  canals  arc  Supplied 
by  the  vest ibi ilar  division  of  the 
eighth  or  auditory  nerve.  The 
macula  of  the  saccule  and  the 
crista  of  the  posterior  canal  are 

supplied  by  a   branch   of  the 

cochlear  division  of  the  same 
nerve. 

When  theee  canals  are  di* 
1  i  rd  in  man,  a*  in  Meni> 
disease,  there  are  disturbances 
of  equilibrium  ;  a  feeling  of 
giddiness,  which  may  lead  to 
the  patient's  falling  down,  is 
associated  with  nausea  and 
vomiting.  In  animals  similar 
results  are  prod  nerd  by  injury, 

and  tl*e  subject  has  been  chiefly 

(forked  out  on  birds  by  Flonrens,  where  the  canals  are  large  and 
readily  exposed,  and  more  recently  in  fishes,  by  Lee. 

Thus  if  the  horizontal  canal  is  divided  in  a  pigeon,  the  head  i> 
thrown  into  a  scries  of  oscillations  in  a  horizontal  plane,  which 
are  im Teased  by  section  of  the  corresponding  canal  of  the  opposite 
side.  After  section  of  the  vertical  canals,  the  farced  move- 
ments  are   in    a  vertical    plane,   and    the   animal    tends    to   turn 

mnemata 

u  VVhen  the  whole  of  the  canals  are  destroyed  00  both  sides 
the  distil r bailees  of  equilibrium  are  of  the  must  pronounced 
ebaraiter.  tioltz  describes  a  pigeon  so  treated  which  always 
kept  its  head  with  the  occiput  touching  the  breast,  the  vertex 
directed  downwards,  with  the  right  eye  looking  to  the  left  and 
the  left  looking  to  the  right,  the  head  being  inccws&.\\t,V$  wwww^ 


N 

Fig.  497.  —  1 ,  hitir-tVll ;  i ,  hair-ccU,  iihow- 
ingr  thr  hitir  bmk>  n.  ami  the  tm*e  of 
tli--  hair,  unlit  into  its  constituent 
iibriln:  a,  flbre-cell ;  H,  l-tindle  of 
BffiMlmi  which  have  lowt  their 
medullary  sheath,  And  terminate  by 
urboriiinN:  round  the  taw  of  tbebafe- 
cell*;  A. B.t  surface  of  tunica  propria. 
Aft*? r  Itetuk) 
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in  1  peodttlnm-Hke  maimer,    i  yon  says  it  i-  sublet 

-iv.    :«ti   idea   Qf   the  perpetual  movement*  to  WD  uiaial 

Dt      It  can  neither  stand,  nor  lie  still. 
any  fixed  attitude.     It  Mrwar- 

now  backwards,  rolls  round  and  round,  or  springs  in  th- 
falls  back  to  reooinmenofl  anew.      It  h  oeMMti 
animals  ring  to  prevent  them  das  hi 

to  pieces  by  the 

tys  with    success.     The   extreme    agitation   ia 
during  t In-  hrst  few  days  Followitig  the  on,  and  ri 

■hi m    bie  but   it   ii   atfll  unable  to 

stand    or    walk,   and   tumaltUOOB  mi  >m  th? 


Fi£.  (9*.— Diagram  of  temicimilar  canal*,  to  show  >d*  in  tin* 

an^leti  to  each  other.     It  wit,  it  the  two  horL^jntul    nin*l*H 

Mine  plane:  and  that  the  aoperior  vertical  of  one  *iri>  !.S    lies  in  a  plane] 
that  of  the  poaterior  vertical  (P)  of  the  other.      After  Ewai 

slightest    disturbance.      But  after  the   lapse   of  a   fortnight  it  i 
able  in  maintain  its  upright  position  with  some  support, 
stage  it  resembles  an  animal  painfully  learning  t<>  stand  and  ■■ 
lit  this  ii   relies   mainly  <«n   its  vi-i- in,  and    it   is  only  necessary 
oovei  the  oyea  with  a  hood  to  dispel  all  the  fruits  of  tins 
education,  and  cause  the  reappearance  of  all  1 
t  I'Vrrier  ) 

It   is   these   canals   which   suable  all  of    us    to    know  in  whuli 
direction  we  are  being  moved,  even  though  our  eyes  are  Ij 
and  the  feet  are  not  allowed   to   touch   the    ground, 
whirled  round,  such  a  person  knows    in   which    direction   i 
being  moved,  and  when  the  whirling  stops  he  seenia, 
he  opens  his  eyes,  to  be  whirling  in  the  opposite  direction,  0 
to  the  rebound  of  the  fluid  in  the  canals.     The  forced  movement] 
just  described   in  animals  are  due  either  to  the  absence  of 
normal   sensations   from    the    canals,   or     to    delllf 
arising    from   their  irritation,   and  the  animal    makes   eflbl 
correct  the  movement  \\U\eu  \\  vvcuu^v&ea  it  us  being  > 
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It  will  be  noticed  that  the  oanahi  oi  each  side  «w  in  three 
planes  at  right  angles  to  each  other,  and  we  learn  the  movement* 
of  our  body  with  regard  to  the  three  dimensions  of  space  by 
menu*  of  impressions  from  the  ampullary  endings  of  the  audit 
nerve  ;  these  impressions  are  set  ttp  by  the  varying  pressure  of 
mdoiymph  in  the  ampnlhe. 

Thus  a  sudden  turning  of  the  head  from  right  to  left  will  cause 
movement  of  the  endoljrnph  towards,  and  therefore  increased 
pressure  on,  the  ampnllary  nerve-endings  of  the  right  horizontal 
canal,  and  diminished  pressure  on  tbeeoCTeBponding  nerveendiugs 
Of  the  left  Side 

ui  hie  canal  ran  «  I    by,  and   transmit  the  sensation  of 

notation  about  one  axis  in  one  direction  only j  and   for  comph-ie 

oeptlOO  of  rotation  in  «nv  direction  about  any  axis,  six  canals 
are  required  in  three  pairs,  each  pair  being  in  the  same  or  parallel 

planee,  and   their  ampulla  turned   opposite  ways.     Kadi    pair 

would  thus  he  sensitive  to  any  rotation  about  a  line  at  right 
angles  to  its  plane  or  planes,  the  one  canal  being  influenced  by 
rotation  in  one  direction,  the  other  by  rotation  in  the  opposite 
d i  r eet  ton."     { On  1  m -  Br  1  mtu) 

The  two  horizontal  canals  are  in  the  same  plane  ;  t "fc ■  *_*  posterior 
vertical  of  <»ne  sid«'  is  in  a  plane  parallel  to  that  of  the  superior 
vertical  of  the  other  side  (see  tig.  498). 

These  four  sets  of  impressions  (tactile,  nuwonlaiy  visual,  and 
labyrinthine)  reach  the  cerebellum  by  its  peduncles;  from  the 
eyee  through  the  superior  peduncle,  from  the  semicircular  canals 
through  the  middle  and  inferior  peduncles,  and  from  the  body 
generally  through  the  restiform  body  or  inferior  peduncle,  Section 
and  stimulation  oi  the  peduncles  cause  ineo-ordination,  chiefly 
evidenced  by  rotatory  and  eSfCUfl  movements  similar  to  those  that 
OOClir  when  the  nerve-endings  in  the  semicircular  canals  arc 
destroyed  or  stimulated*  Stimulation  i>f  the  cerebellum  itself — 
and  this  has  been  done  through  the  skull  in  man — causes  giddi- 
ness, and  consequent  muscular  ettbrta  to  correct  it.  The  results  of 
stimulation,  indeed,  are  precisely  analogous  to  those  of  extirpation, 

only  in  the  reverse  direction, 
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CHAPTER   L. 

SENSATIOX. 

Before  passing  to  the  study  of  the  various  special  senses, 
there  are  a  number  of  general  considerations  in  connection  tritk 
the  subject  of  sensation  that  demand  our  attention. 

The  psychologist  divides  the  mental  phenomena,  which  the 
physiologist  localises  in  the  brain,  into  three  main  categories  :— 

i.   Intellectual :  perceiving,  remembering,  reasoning,  <fcc. 

2.  Emotional :  joy,  love,  hate,  anger,  <fec. 

3.  Volitional :  purposing,  deliberating,  doing. 

These  are  all  closely  connected  together,  and  are  all  present  in 
each  healthy  brain ;  but  according  as  one  or  other  may  predomi- 
nate, we  speak  of  intellectual,  emotional,  or  strong-willed  indi- 
viduals. The  connection  is  especially  close  between  intellect  and 
will,  which  represent  as  it  were  the  two  sides  of  what  we  maj 
call  a  conscious  reflex  action ;  the  intellect  gives  the  reason  or 
stimulus  for  the  exercise  of  the  volitional  power.  The  cuiotkw 
lire  more  complex,  and  we  shall  not  discuss  them  ;  the?  ait 
elaborate  mental  processes,  in  which  sensations  predominate. 

The  intellectual  faculties  are  derived  from  the  senses;  sensa- 
tions form  the  materials  for  intellect ;  in  other  words,  we  knot 
and  learn  from  what  we  see,  feel,  hear,  taste,  and  smell.  People 
born  blind  or  deaf  thus  labour  under  the  great  disadvantage  of 
having  one  or  the  other  channel  of  knowledge  closed  ;  they  can, 
however,  make  up  for  this  in  some  measure  by  an  education,  and 
consequent  increased  sensibility  of  the  channels  that  remain  open. 

The  simplest  mental  operation  is  a  sensation — that  is,  the 
conscious  reception  on  the  mind  of  an  impression  from  the  external 
world.      For  this  the  following  things  are  necessary  : — 

1.  A  stimulus. 

2.  A  nerve-ending  to  receive  it 

3.  A  path  to  the  brain. 

4.  A  part  of  the  brain  to  receive  the  impulse. 

The  brain    refers    the    sensation    to    the    nerve-ending 
received  the  stimulus  ;  thus  pain  in  the  finger  is  referred  to  the 
finger,  the  sight  of  an  object  to  the  eyes,  <fec.      If  the  ulnar  nerve 
is  stimulated  by  a  knock  on  the  elbow,  the  sensation  is  referred 
fO  the  tinkers  wWyv?  \\v£  w^tn^  \*  &Y&xfcra\*&  %  ^  ss^  ^ssssss^^*. 
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recently  amputated  leg  be  stimulated,  the  brain  not  having  got 
used  to  the  new  condition  of  things,  refers  tin*  B8&AtXN9  to  the 
toes,  which  still  seem  Ul  be  present. 

Perception  is  a  more  complicated  mental  process  ;  it  consists 
in  the  grouping  of  sensations,  and  the  imagining  of  the  dt) 
from  which  thev  arise,  and  which  is  called  the  percept,  The 
M  II,  the  taste,  the  colour,  fta,  of  an  orange  arc  all  sensations  ; 
the  grouping  of  these  together  constitutes  the  perception  of  an 
oraoge,  Fjieh  mental  process  leaves  an  impress  OH  the  mind; 
these  impressions  build  up  memory,  or  imOtginaUo* 

this  may  be  reproductive,  as  in  recalling  a  friend's  face;  Of 
constructive,  as  in  picturing  the  face  of  an  historical  person. 

During  the  whole  operation,  moreover,  there  must  hQitftrntion  ; 
it  is  cjuite  possible,  for  instance,  in  a  dreamy  person,  that  he  may 
look  at  a  thing  without  seeing  it,  or  he  present  at  a  lecture 
without  hearing  it. 

The  more  complex  intellectual  operations  consist  in  the  forma- 
tion of  concept^  and  reasoning  the  grouping  and  discrimination  of 
conceptions.  Just  as  perception  is  built  tip  of  aetmiiflllij  so 
conception  is  built  up  of  perceptions.  Thus  the  orange  of  ottt 
previous  example  is  learnt  to  be  one  of  similar  substances  called 
fruits  ;  fruits  to  be  products  of  the  vegetable,  as  distinguished 
fnun  the  animal  world,  and  so  on. 

This  is  seen  hi    the   education  of  a  child  j  at   first  scattered 

oaations  only  are  perceived,  and  education  consists  in  learning 

what    these*  sensations  correspond   to   in  the  external   world,  and 

bow   thev  may  he  classified.      The  other  mental   faeulties  are  in 

the  same  way  built  of  simpler  material;  the  volitional  op.  n.nui^ 

at  first  simple  responses  to  external  conditions;  later  on  they 

become  more  complex   and    representative,  culminating  in  speech) 

the  most  complicated  movement  of  all  The  emotions,  toot  ■w 
at  first  simple,  and  merely  exaggerated  sensations  ;  the  higher 
ones  are  complex  and  representative, 

The  nerve-endings  that  receive  the  impression  from  the  external 
world  are  of  various  kinds.  They  may  be  simply  ramifying  and 
interlacing  plexuses  of  nerve-fibrils,  as  in  the  cornea,  parts  of 
the  skin,  and  in  the  interior  of  the  body  ;  this  kind  of  nerve- 
ending  is  chiefly  associated  with  gmenU  un*iMtU$%  that  tigoe 

kind  of  sensation  which  cannot  be  put  under  any  of  the  special 
headings — taste1,  sight,  hearing,  touch,  and  smell.  The  nerve 
endings  of  the  nerves  of  special  sense  an  usually  end  organs  of  a 
Specialised  kind,  The  most  frecpient  kind  of  sensory  end  -organ  is 
made  of  what  is  called  nerr<  -epithelium  ;  certain  epithelial  cells  of 
the  surface  of  the  body  become  peculiarly  iwxtifted,  anA  QK9&QR& 
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in  special  ways  to  receive  the  impressions  from  the  outer  world : 
these  send  an  impulse  into  the  arborisations  of  the  termination  of 
the  axis-cylinders  of  the  nerves  which  envelop  the  cells.  One 
of  these  varieties  of  nerve-epithelium  we  have  already  made  the 
acquaintance  of,  in  the  hair-cells  of  the  semicircular  canals ;  we 
shall  find  other  kinds  in  the  hair-cells  of  the  cochlea,  in  the  rods 
and  cones  of  the  retina,  <fec. 

Pain  is  due  to  an  excessive  stimulation  of  the  other  sensor? 
nerves,  but  there  is  some  evidence  that  it  may  be  a  distinct  Ben- 
sation.  Thus  in  some  cases  of  diseases  of  sensory  channels,  tactile 
sensation  may  be  intact,  but  sensitiveness  to  pain  absent,  and 
vice  versd  ;  see  also  p.'  642. 

The  other  essential  anatomical  necessities  for  a  sensation,  the 
channels  to  the  brain  with  their  numerous  cell-stations  on  the 
road,  and  the  parts  of  the  brain  to  which  these  tracts  pass,  we 
have  already  dwelt  upon.  Some  of  these  points  we  shall,  how- 
ever,  be  obliged  to  return  to,  especially  in  connection  with  vision 
But  here  it  is  sufficient  to  insist  on  the  necessity  of  the  presence 
not  only  of  the  end-orgau,  but  also  of  the  nervous  tracts  and 
centres.  Blinduess,  for  instance,  may  not  only  be  due  to  disease 
of  the  eye,  but  also  to  disease  of  the  optic  nerve,  or  of  the  parts 
of  the  brain  to  which  the  optic  nerve  passes. 

A  small  stimulus,  or  a  small  increase  or  decrease  in  a  big 
stimulus,  will  have  no  effect ;  a  light  touch,  a  feeble  light,  a 
gentle  sound,  may  be  so  slight  as  to  produce  no  effect  on  the 
brain.  The  smallest  stimulus  that  produces  an  effect  is  called 
the  lottrr  limit  of  excitation  or  the  liminal  (from  lime*  » 
threshold)  intensity  of  the  sensation.  The  height  of  sensihUit f  or 
maximum  nf  excitation  is  a  stimulus,  so  strong  that  the  brain 
is  incapable  of  recognising  any  increase  in  it ;  a  bright  light, 
for  instance,  may  be  so  intense  that  any  increase  in  its  brightness 
is  not  perceptible.  Between  these  two  extremes  we  have  what 
is  called  the  range  of  sensibility.  Most  of  our  ordinary  sensations 
fall  somewhere  about  the  middle  of  the  range,  and  Weber's  or 
Ffchnt-r*  law  is  a  law  that  regulates  the  proportion  between  the 
stimulus  and  the  sensation,  and  which  is  operative  for  this  region 
of  the  range  of  sensibility.  In  general  terms  it  may  be  stated 
that  sensations  increase  as  the  logarithm  of  the  stimuli;  or, in 
order  that  the  intensity  of  a  sensation  niajT  increase  in  arith- 
metical progression,  the  stimulus  must  increase  in  a  geometrical 
progression. 

A  definite  example  will  help,  us  to  understand  these  mathe- 
matical terms  a  little  letter.  We  will  select  our  example  from 
sense  of  v\*\o\\,  Vecavvse  \\\^  'w&eoa&Vs  ^  ^»  **»&*  ^L  ^a»aL 
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sensations,  light,  is  easily  measurable.  Suppose  a  room  lighted 
by  100  candles,  and  one  candle  more  is  brought  in,  the  increase 
of  light  produced  by  the  extra  candle  is  quite  perceptible  to  the 
eye ;  or  if  a  candle  were  removed,  the  decrease  in  light  would  be 
perfectly  appreciable.  Next  suppose  the  room  lighted  by  1,000 
candles,  and  one  extra  was  brought  in,  no  difference  would  be 
seen  in  the  amount  of  illumination ;  in  order  to  notice  increase  or 
decrease  in  the  light  it  would  be  necessary  to  bring  in  ten  extra 
candles,  or  take  away  ten  of  the  candles,  as  the  case  might  be. 
In  each  case  an  increment  or  decrease  of  one-hundredth  of  the 
original  light  is  necessary  to  cause  a  corresponding  increase  or 
diminution  in  the  sensation. 

This  is  after  all  a  perfectly  familiar  fact ;  a  farthing  rushlight 
will  increase  the  illumination  in  a  dimly-lighted  cellar,  but  it 
makes  no  apparent  difference  in  the  bright  sunshine. 

The  magnitude  of  the  fraction  representing  the  increment  of 
stimulus  necessary  to  produce  an  increase  of  sensation  determines 
what  is  called  the  discriminative  sensibility.  This  fraction  differs 
considerably  for  different  sense-organs ;  thus  : — 

For  light  it  is  yJto- 

For  sound  it  is  -\. 

For  weight  it  is  TV- 

For  temperature  it  is  J. 

For  tactile  pressure  ^  to  J-  in  different  parts  of  the  body. 

Another  general  consideration  in  connection  with  sensation  is 
that  the  sensation  lasts  longer  than  the  stimulus ;  a  familiar 
instance  of  this  is  the  sting  after  a  blow.  The  after-sensations,  as 
they  are  called,  have  been  specially  studied  in  connection  with  the 
eye  (see  After-images). 

Subjective  sensations  are  those  which  are  not  produced  by 
stimuli  in  the  external  world,  but  arise  in  one's  own  inner  con- 
sciousness ;  they  are  illustrated  by  the  sensations  experienced 
during  sleep  (dreams),  and  in  the  illusions  to  which  mad  and 
delirious  people  are  subject. 

Homologous  stimtdi. — Each  kind  of  peripheral  end-organ  is 
specially  suited  to  respond  to  a  certain  kind  of  stimulus.  The 
homologous  stimuli  of  the  organs  of  special  sense  may  be  divided 
into : — 

1 .  Vibrations  set  up  at  a  distance  without  actual  contact  with 
the  object ;  for  instance,  light  and  radiant  heat. 

2.  Changes  produced  by  actual  contact  with  the  object ;  for 
instance,  in  the  production  of  sensations  of  taste,  touch,  weight, 
and  alteration  of  temperature  by  conduction  ;  in  the  case  of  the 
olfactory  end-organs,   the  sensation  is  also  excited  b^  \yaxatv&\ 
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particles  given  off  by  the  odoriferous  body,  and  borne  by  the  air 
to  the  nostrils.  In  sound  also,  though  there  is  no  actual  contact 
of  the  ear  with  the  vibrating  body  which  emits  the  sound,  the 
organ  of  hearing  is  excited  by  waves  of  material  substance,  first 
of  air,  then  of  bones,  then  of  eudolymph,  and  these  excite  the 
nerve-endings  of  the  internal  ear. 

When  the  eye  is  excited  by  any  other  kind  of  stimulus  than  bv 
light,  which  is  its  adequate  or  homologous  stimulus,  the  sensation 
experienced  is  light  all  the  same ;  for  instance,  one  sees  sparks 
when  the  eyeball  is  struck  ;  singing  in  the  ears,  the  result  of  tn 
accumulation  of  wax  against  the  mem  bran  a  tympani,  is  a  similar 
example. 

This  brings  us  to  the  conclusion  of  this  chapter  by  leading  to 
the  question,  Is  there  such  a  thing  as  specific  nerve-energy  ?  It  b 
an  old  question,  but  the  answer  has  still  to  be  found.  Sight  b  a 
different  thing  from  hearing,  and  both  are  different  from  taste 
and  smell.  What  is  the  difference  really  due  to  ?  Can  it  Lr 
explained  by  supposing  that  the  nervous  impulse  along  the  optic 
nerve  is  a  different  kind  of  molecular  change  from  that  which 
accompanies  gustatory  or  auditory  impulses  ?  Or  can  it  be 
explained  by  supposing  that  the  main  difference  is  in  the  end- 
organ,  or  in  the  psychical  process  which  interprets  the  impulse 
from  the  end-organ  ?  Until  we  know  more  about  the  nature  of 
the  molecular  change  which  constitutes  a  nervous  impulse,  it  is 
merely  a  matter  of  speculation  whether  specific  nerve-energy  exists. 
(See  Ijangley's  experiments,  p.  297.) 
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Under  the  general  heading  Touch  we  shall  include  the  various 
kinds    of    sensory  impressions    that     start    from     the   skin  and 

muscles. 

Tactile  End-organs. 

First,  however,  it  is  necessary  to  study  the  varieties  of  end- 
organs  concerned  in  the  reception  of  the  impressions.  They  are 
of  numerous  kinds,  but  the  following  are  the  principal  ones  :— 

Pacinian  Corpuscles. — These  are  named  after  their  discoverer, 
Pacini.    Thev  are  little  ovvvl  bodies  situated  on  some  of  the  cerebro- 
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spinal  and  sympathetic  nerves,  especially  the  cutaneous  nerves 

nf  the  hands  find   feet,  where  they  lie  deeply  placed  in  the  true 

skim      Thev  also  occur  on   the  nerves 

of  the  mesentery  of  Home  animals  like 

the   eat.      They    have    been    observed 

also  in  the  pancreas,  lymphatic  glands 

and   thyroid  glands,   as  well  as  in  the 

penis.     Thrv  :ire  about  ,',,  inch  long, 

Each  corpuscle  is  attached  bv  ■  narrmv 

pediel-     bo   Dm   nam   on   which   it   is 

situated,    and     is     formed    of    several 

Concentric   layers  of  memorm&e,  con 

sisting  of  a  hyaline  ground  -membrane 
with  connective  tissue  fibres,  aaoh  Iftjet 
being  lined  by  endothelium  {Hgs.  500, 
501);  through  its  pedicle  passes  a  single 
norve-nbreT  which,  after  traversing  the 
concentric  layers  and  their  in- 
termediate spaces,  los^s  its  medullary 
sheath  and  enters  a  central  core,  at  or 
near  the  distal  end  of  which  it  termi- 
nates in  an  arborisation.  Some  of  these 
B  are  continuous  with  those  of 
the  perineurium,  but  BOUM  are  super- 
added. In  Botneeaece  two  nerves  have 
been  seen  entering  one   Pacinian  body, 

and   in  others  a  nerve  after  passing  unaltered   through   one  has 
lieen  observed  to  terminate  in  a  second  Pacinian  corpuscle. 

The  corpuscles  of  Herbst  (fig.  502)  are  closely  allied  to 
Pacinian  oorpueclee,  except  that  they  are  smaller  ami  longer  with 
i  row  of  nuclei  around  the  centra]  termination  of  the  nerve  in  the 
I  ore,  Thev  have-  been  found  chiefly  in  the  tOUgQee  and  lulls  of 
docks.  The  capsules  are  nearer  together,  and  towards  the  centre 
the  endothelial  sheath  appears  to  be  absent. 

End-bulbs  are  found  in  the  conjunctiva  (where  in  man 
arc  spheroidal,  hut  in  most  animals  oblong),  in  the  glans  penis 
and  olitorfe,  in  the  skin,  in  the  lips,  in  the  cpineurium  of  nerve- 
trunks,  and  in  ti-udou  ;  each  is  about  rtJ0-  inch  in  diameter,  oval 
or  spheroidal,  and  is  composed  of  a  medullated  nerve-fibre,  which 
terminates  among  cells  of  various  shapes.  Its  capsule  contains 
a  transparent  Of  striated  core,  in  the  centre  of  which  terminates 
Hi--  nxis  cylinder  of  the  nerve-fibre,  the  ending  of  whieh  is 
some «  hat  clubbed  (fig,  503). 

Touch-corpuscles  {Hgs.  504,  506)  are  found  in  the  papilhc 


Mf.  499. — Extremities  of  a  nerve 
of  the  ttofctr  with  Pacinian 
rorpnuclea  attached,  about 
the  oat  oral  *iae.  {Adapted 
fnira  Ilinle  and  Kulliker.) 


68o 


TOUCH. 


[CH.LL 


of  the  skin  of  the  fingers  aud  toes.  They  are  small  oblong 
masses,  about  -^  inch  long,  and  ?&x>  inch  broad,  composed  of 
connective-tissue,  surrounded  by  elastic  fibres  and  a  capBule  or 
more  or  less  numerous  nucleated  cells.     They  do  not  occur  in  aU 


Fig.  500.  Pacinian  corpuscle  of  the  cat's  mesentery.  The  stalk  consists  of  a  nen«-fibf» 
(Nj  witli  it*  think  outer  sheath.  The  peripheral  capsules  of  the  Pacinian  corpw* 
an*  continuous  with  the  outer  sheath  of  the  stalk.  The  intermediary  part  bteeaa 
much  narrower  near  the  entrance  of  the  axis-cylinder  into  the  clear  central  rare.  A 
hook-shaped  termination  (T)  is  seen  in  the  upper  part.  A  blood-Teasel  •  Viatel 
the  Pacinian  corpuscle,  and  approaches  the  end;  it  possesses  a  aheath  which  is  tk 
continuation  of  the  peripheral  capsules  of  the  Pacinian  corpuscle.  X  xoo.  ;Kka 
and  Noble  Smith.) 


the  papilla*  of  the  parts  where  they  are  found,  and,  as  a  rule,  in 
the  papilla;  in  which  they  are  present  there  are  no  blood-vessek 
The  peculiar  way  in  which  the  medullated  nerve  winds  round 
and  round  the  corpuscle  before  it  enters  it  is  shown  in  fig.  506. 
It  loses  its  sheath  before  it  enters  into  the  interior,  aud  then 


.  joi.— Summit  of  a  Parininn  corpuscle  of  the  human  flngvi-,  showing  the  »jnduth?li*l 
mctnbnuicti  lining  the  e<ip*uj*»,     X  aao*     (Klein  niid  X 

The  corpuscles  of  Grandry  (fig,   505)  form  another  variety, 
and  lnivt'  been  noticed  in  the  beaks  ami  tongues  ol  birds.     They 


V  WiWBto  Of  BMMIi  from        Fig.  v>,  - End -bulb  of  Knmm*. 
the  tongue  of  *  dink.    <r,  nifdulbttcd  dulla^-d  nen  e-titm ;    ft,  capsule  of 

nerve  cut  away.      Kl  in  corpundi*. 

eoneist  of  oval  or  spherical  eells,  two  Of  mem  of  which  compi 
vertically  i»re  oootai&ed  within  a  delicate  nucleated  sheath,     The 
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cells  i   transparent,  with   ■  nucleus.     W 

soften  on  -  latde  its  nae  iu  terminate 

between  the  oetb  lo  flattened  expansions. 


Fig.  504,— PnpilJn-  from  the  akin  of  the  hand,  freed  from  the  cuticle  *n-l  exhibttmc  t**At 

corpuscles,     a.  Simple  papilla  with  four  nen^flbr*  -  rtwpn^k  ,  ♦,  *rv* 

with  winding  flbreM  c  and  t.    b.  Papilla  treated  with  acetic  acid ;   a,  cortm)  km 

with  t-ells  mid  fine  elastic  filament* ;    b,  tactile  corpuscle  with   trararrr*  ton* 

11  tains;  nerve ;    d   and  i,   nerve-fibres  winding    round  the   i-orpu*i*      K  9a 

Sensory  nerve-endings   in    muscle. —  K  miiimtiaui, 

rv  in  Function,  are  fotiod  in  tendon.     Th 
much  like  end-plates,  and  are  regimented  ha  figs-  507  m 


•  rulry,     from     the 
tongue  of  a  du<  k. 


,  —  A  tour!  •  ran  the  «km  >J  Car 

human  hand,  staim-d  with  gold  ehlond». 


The  newo-Mitwufar  spindle*,  which   are  described  on  p.  93,  tad 
which   are   principally  Pound    in   muscles   in   the  neighbor 
of    tendons    ;unj    aponeuroses,    rue    believed    by    the    jikij- 
obeerven  to  be  sensory  end-organs.      One  of   th 
shown  in  the  accompanying  drawing  (fig.  5 
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The  principal  grounds  for  believing  the  neuromuscular  spindles 
to  he  sensory,  arc  first,  that  the  nerve-fibres  that  supply  them  do 
not  degenerate  when  the  anterior  roots  of  the  spinal  nerves  arc 
*  lit,  and   secondly,   that  they  do  degenerate   when   the  posterior 


'- 


f%.  ,  ;.  IVrmmikliMB  uf  medulla  ted 
■■I  HJ  flliiHM  in  tendon  nenr  the  mus- 
cular insertion .    ( Go Igi . ) 


Fig,  tot.  On*-  of  ttn  v  tii'-ulit'tad  <  lid-platen, 
of  tig.  •;,  own  highly  umgiufl^l-  », 
iiiedullated  lif  I 10  film  ;  '•,  retieulotcd 
end-pUte.     ittolgi.) 


roots  are  divided  (Sherrington).  They  also  undergo  degenerative 
f&ttngea  in  locomotor  ataxy,  which  is  a  disease  of  the  sensory 
On  vi  units,  and  remain  healthy  in  infantile  paralysis,  which  i     I 


m!nM. 


~2Q  — Nt'm«'-irML<Mniln:r  rated!** 
bundle;    pJ.r.,  plabfr-eomng;    pr 
<  After  Kiinim.) 


;  Mr.,  mrvi  trunk;  «.*.&.,  mutor  nerve 
,   primary   fctrn  Umtfl  -econdnry  ending. 


disease   of    the    motor  cells   of    the    anterior   horn   of    thr 
(Batten), 

In  Addition  to  the  special  end -organs,  sensory  fibres  may  ter- 
minate in  plexuses,  as  in  the  sub-epithelial  and  the  uitra-epithelial 
plexus  of  the  cornea  (fig.  510). 

We  may  now  proceed  to  the  consideration  of  the  sense  of  touch 
itself ;   it  may  be  taken  under  three  heads  : — 

1.    Localisation  of  sensations. 
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2.  The  sense  of  pressure. 

3.  The  sense  of  temperature. 


•jGfrfTxrrr.r^vsi^FWeZ  d 


Fit?.  510.— Vertical  section  of  rab- 
bit's cornea,  stained  with  gold 
chloride.  The  nerves  n,  ter- 
minate in  a  plexus  under  and 
within  the  epithelial  layer,  <•. 


When  any  object  rest*  ou  the 
skhi,  it  is  possible  by  tactile  sense 
to  ascertain  its  shape  and  the  part 
of  the  skin  which  it  touches  (localisa- 
tion) ;  to  estimate  its  weight  even  if 
it  is  not  lifted  (sense  of  pressure); 
if  it  is  lifted  the  muscular  sense  u 
called  into  play ;  and,  thirdly,  by 
the  temperature  sense  we  determine 
whether  it  is  hot  or  cold.  The  end- 
organs  in  tbc  skin  are  numerous,  and 
it  is  quite  possible  that  these  sensation 
are  received  by  different  kinds  of  end- 
organs,  though  we  are  not  acquainted 
with  which  corresponds  to  which.  It 
is  also  not  possible  to  draw  a  hard- 
and-fast  line  between  touch  proper  on 
the  one  hand  and  general  sensibility 
and  pain  on  the  other.  The  factt 
of  disease,  especially  in  that  disease 
of  the  sensory  tracts  called  loco- 
motor ataxy,  point  to  the  conclu- 
sion that  these  varieties  of  sensation 
are  transmitted  to  the  central  nervous 
system  by  different  tracts,  and  received 
and  interpreted  there  by  different  areas 
(see  pp.  642  and  664). 


Localisation  of  Tactile  Sensations. 

The  ability  to  localise  tactile  sensations  on  different  part*  of  the 
surface  is  proportioned  to  the  power  which  such  parts  posses 
of  distinguishing  and  isolating  the  sensations  produced  by  two 
points  placed  close  together.  This  power  depends  in  part  on  the 
number  of  nerve-fibres  distributed  to  the  part  ;  for  the  fewer  the 
fibres  which  any  part  receives,  the  more  likely  is  it  that  several 
impressions  on  different  contiguous  points  will  act  on  only  one 
nerve-fibre,  and  hence  produce  but  one  sensation.  Experiments 
have  been  made  to  determine  the  tactile  properties  of  different 
parts  of  the  skin,  as  measured  by  this  power  of  distinguishing 
distances.     These  cu\\*\*>t  \\\  t^vvAviw^  tka  \sk.vu^  while  the  eyes  are 
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closed,  with  the  points  of  a  pair  of  compasses,  and  in  ascertaining 
how  close  the  points  of  the  compasses  may  be  brought  to  each 
other,  and  still  t>e  felt  as  two  points. 

Table  of  variations  in  the  tactile  sensibility  of  different  parts. — 

The  measurement  indicates  the  least  distance  at  which  the  two 
point*  of  a  pair  of  compasses  amid  be  separately  distinguished. 
(E.  H.  Weber.) 

Tip  of  tongue £  inch  1  mm. 

Palmar  surface  of  third  phalanx  of  forefinger       .    .  ^  „  2  „ 

Palmar  surface  of  second  phalanges  of  fingers  .        .  J  „  4  „ 

Bed  surface  of  under-lip A  »♦  4  »♦ 

Tip  of  the  nose i  >»  6  „ 

Middle  of  dorsum  of  tongue £  „  8  „ 

Palm  of  hand fin  IO  »* 

Centre  of  hard  palate £  »  I2  »» 

Dorsal  surface  of  first  phalanges  of  fingers  /,  „  14  „ 

Back  of  hand i\  „  25  „ 

Dorsum  of  foot  near  toes 1  £  „  37  „ 

Gluteal  region \\  „  37  „ 

Sacral  region \\  „  37  „ 

Upper  and  lower  parts  of  forearm 1  £  „  37  »» 

Back  of  neck  near  occiput 2  „  50  „ 

Upper  dorsal  and  mid-lumbar  regions    .                .    .  2  „  50  ., 

Middle  part  of  forearm 2\  „  62  „ 

Middle  of  thigh z\  „  62  „ 

Mid-cervical  region 2$  „  62  „ 

Mid-dorsal  region 2J  „  62  „ 

Moreover,  in  the  case  of  the  limbs,  it  was  found  that  before 
they  were  recognised  as  two,  the  points  of  the  compasses  had  to 
be  further  separated  when  the  line  joining  them  wras  in  the  long 
axis  of  the  limb,  than  when  in  the  transverse  direction. 

According  to  Weber  the  mind  estimates  the  distance  between 
two  points  by  the  number  of  unexcited  nerve-endings  which  inter- 
vene between  the  two  points  touched.  It  would  appear  that 
a  certain  number  of  intervening  unexcited  nerve-endings  are 
necessary  before  the  points  touched  can  be  recognised  as  separate, 
and  the  greater  this  number  the  more  clearly  are  the  points  of 
contact  distinguished  as  separate.  But  the  number  of  nerve* 
endings  is  not  the  only  factor  in  the  case,  for  by  practice  the 
delicacy  of  a  sense  of  touch  may  be  very  much  increased.  A 
familiar  illustration  occurs  in  the  case  of  the  blind,  who,  by  con- 
stant practice,  can  acquire  the  power  of  reading  raised  letters  the 
forms  of  which  are  almost  if  not  quite  undistinguishable  by  the 
sense  of  touch  to  an  ordinary  person. 

The  power  of  correctly  localising  sensations  of  touch  is  gradually 
derived  from  experience.  Thus,  infants  when  in  pain  simply  cry 
but  make  no  effort  to  remove  the  cause  of  irritation,  as  an  older 
child  or  adult  would,  doubtless  on  account  oi  tt&Yc  YEK^eitaftXi 
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knowledge  of  its  exact  situation.  As  education  proceeds  the 
brain  gets  to  know  more  and  more  accurately  the  surface  of  the 
l*xly,  and  the  map  of  the  surface  in  the  brain  is  most  accurately 
known  where  there  is  most  practice  of  the  sense  of  touch.  The 
great  delicacy  of  the  tongue  as  a  touch  organ  in  judging  the 
form  and  size  of  object s  can  be  explained  by  the  fact  that  thia 
organ  has  to  rely  upon  the  sense  of  touch  alone.  Usually,  in 
ascertaining  the  shape  of  an  object  on  the  part  of  the  skin  it 
touches,  we  use  our  eyes  as  well.  In  the  case  of  the  interior  of 
the  mouth  this  is  impossible. 

The  different  degrees  of  sensitiveness  possessed  by  different 
parts  may  give  rise  to  errors  of  judgment  in  estimating  the 
distance  between  two  points  where  the  skin  is  touched.  Thu^ 
if  the  blunted  points  of  a  pair  of  compasses  (maintained  at  a 
constant  distance  apart)  are  slowly  drawn  over  the  skin  of  the 
cheek  towards  the  lips,  it  is  almost  impossible  to  resist  the  con- 
clusion that  the  distance  between  the  points  is  gradually  increas- 
ing. When  they  reach  the  lips  they  seem  to  be  considerably 
further  apart  than  on  the  cheek.  Thus,  too,  our  estimate  of  the 
size  of  a  cavity  in  a  tooth  is  usually  exaggerated  when  based  upoc 
sensation  derived  from  the  tongue  alone.  Another  curious 
illusion  may  here  be  mentioned.  If  we  close  the  eyes,  and  place 
a  marble  between  the  crossed  fore  and  middle  fingers,  we  seem 
to  be  touching  two  marbles.  This  illusion  is  due  to  an  error 
of  judgment.  The  marble  is  touched  by  two  surfaces  which, 
under  ordinary  circumstances,  could  only  be  touched  by  two 
separate  marbles,  hence,  the  mind,  taking  no  cognizance  of  the 
fact  that  the  fingers  are  crossed,  forms  the  conclusion  that  the 
two  sensations  arc  due  to  two  marbles. 

The  Sense  of  Pressure. 

The  sense  of  pressure  may  be  estimated  by  the  ability  of  the 
skin  to  distinguish  different  weights  placed  upon  it.  There  must 
be  no  lifting  of  the  weight,  or  the  muscular  sense  is  brought  into 
play  also.  The  acuteness  of  the  pressure  sense  is  differentJj 
distributed  from  that  of  ability  to  localise  sensations;  the 
forearm,  for  instance,  is  as  sensitive  in  this  direction  as  the  skin 
of  the  palm.  The  tip  of  the  tongue  is  the  most  discriminati?e 
portion  of  the  IkxIv  for  locality,  but  it  is  not  so  for  pressure; 
one  cannot,  for  instance,  feel  one's  radial  pulse  with  the  tongue. 
The  fraction  which  by  Weber's  law  represents  the  discriminative 
sensibility  varies  from  *  at  the  finger  tip  to  £  at  the  shoulder 
blade  (mm?  \>.  ftfiV 
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The  Sense  of  Temperature. 

Here  again  the  distribution  of  KoutOEiCW  ii  different  ;  the  tip 
the   Soger  h   not    oearty   10  sensitive  aa  the   forearm   or 

thf   cheek,   to  which    a   washerwoman   generally   holds   her   iron 
when  forming  a  judgment  of  its 
temperature.   The  fraction  wbioh 
represents      the     discriminative 
sibillty  11  approximately  \. 
It  has  been  further  shown  that 
there    are   two    kinds    of    nerve 
endings    for   temperature  in   the 
skin    which    are  respectively  ex- 
cited   by  heat   and  cold.      Thus, 
if  a   small    metallic   pencil    kept 
warm  by  ■  stream  of  water  inside 
it,    is    moved    over    the    surface, 
there  are  some  points  where  the 
sensation   is  merely   tactile,  and 
at    others   the    pencil    will    feel 
uncomfortably  hot ;  these  spots  are  called  ft&it  qpofo      Cold  spots 
may  be   similarly  mapped  ont  by  the  use  of  a  cold   pencil.      The 
accompanying  figure  (fig,  51 1)  indicates  b  small  piece  of  the  skin 

of  the  thigb  with  the  heat  spots  horizontally,  and  the  cold  spots 
vertically  shaded. 


Pig.  511.— Heat  iind  *old  *potH, 
after  Ooldncheiaer), 


iW,.ll.,. 


The  Muscular  Sense, 

The  muscular  sense  lias  been  much  discussed  ;  some  have  even 
denied  its  existence,  and  supposed  that  it  is  merely  a  variety  of 
the  tactile  sense  ;  when  the  DHlBclefl  Contract  they  press  upon 
the  skin  over  them  and  the  joints.  No  doubt  the  tactile  sense 
of  pressure  helps  us  to  know  what  we  are  doing  with  our  muaoles, 
but  there  are  two  sets  of  facts  which  show  that  the  muscular  sense 
proper  is  different  from  the  tactile  sense*  One  of  these  is  that  the 
muscular  sense  estimated  by  the  lifting  of  weights,  or  by  the 
amount  of  convergence  of  the  axes  of  the  eyes  in  looking  at  objects 
at  different  distances,  is  much  more  sensitive  than  tlie  tactile 
sense  of  pressure  j  the  fraction  representing  the  discriminative 
sensibility  being  only  -fj  instead  of  I  or  -}it  which  is  the  fraction 
for  the  pressure  sense.  The  other  set  of  facts  are  obtained  from 
the  study  of  disease  ;  locomotor  ataxy  is  a  selective  diseaee  :  if 
may  pick  out  certain  sensory  tracts  and  leave  others  tax  &M\tc& 
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intact;  in  this  way  Lhe  muscular  sense  may  be  desti' 
tile  sense  bring  tin u  ti  affected. 
Those  who    believe  in   the  muscular  sense 
into  two  acts;  some  believe  that  tie-  m 
paniment  of  the  efferent  impulse  and  it  is  varioui  q  of 

jtimation  of  will  force,  or  a  sense  of  expended  »the 

and  among  these  the  majority  of  ph  ists  must  l>e  included, 

look  upon  the  sense  as  due  bo  efferent  impulses  from  the  muscles 
to  the  brain.     Tl  nation  of  will  force"  doctrine  is  pot 

of  court  by  the  fact  that  people  know  when  their  muse 
contracting,  and   whether  thej    are    contracting  much  or   l<: 
alien  there  is  no  expenditure  of  will  force  at  all,  m  wb 
urn-  male  to  contract  artificially  under  the  inftume 

electrical    stimulation.     There  are    now  many  anatomic*]    facta 
which  |«>int  to  the  corre<  the  view  that   the  muscular 

■     IS    a  true    Bense.       Many  \  ears   ago   it  vn    that 

of  the    nerve-fibres   which   go   to   the   frog's   sartorhlS    KM 
i 'h ■generate  after  sectiou   of  the   posterior   nerv«   i 
been  more  recently  demonstrated  to  be  also  the  es  muscles 

of  mammals  by  Sherrington.     The  discovery  ol 
endings  in  muscle  and  tendon  points  in  tl  rtioa. 


CHAPTEB    Lll, 

TASTE  A\n  smkLL, 


Tiie>k  iv  very  closely  allied  to  out  anothttr,  sod  it 

will  therefore  be  convenient  to  consider  them  in  oue 


Taste. 

Certain  anatomical  facts  must  be  studied   first  in  eonne 
With  the  tongue,  the  upper  surface  of  which  is  concerned  in  the 
reception  of  taste  stimuli 

Tht  tongue  is  a  muscular  organ  covered  by  mucous  memliraas* 
les,  which   form   the  greater  part   of  tht  substance  «' 
the    tongue   {intrinsic    muscles)    arc    termed    ling%*a 
these,  Which   arc  attached  to   the    nniecus    nieiubnuu  ,   i 

and  mora  delicate  mGYemexrta  are  ^rformed. 
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r>\  other  musolei  (extrmtm  mitBctes),  like  the  genio-hyojrlossiw, 

tin-    stvloM-Jrissiis,  4tr.,   the    fcoOgU€    l«    fafd    tO  ftUirmtftdillg    IM1 

■ttd  by  these  its  larger  movcmenta  are  performed. 


Fig.  5t*.—  Fapillar  KiirfnM  of  tfaf  In^flW,  with  the  faure*  and  tonm!*,  i,  f(  •  -r.-ni in  ill  1?. 
pupilh*-,  in  front  of  2,  tbt  faftSfM SI  MMADID  j  b  fungiform  pupilhf ;  4,  filiform  ami 
aottai]  pnfflln  j  5<  Inimno  and  oblique  ragtt  ;  o,  DDUttmi  irUnd*  at  the  haw  of  we 
tongue  and  in  CM  AnMttt}  ff  tattfltj  H,  part  of  the  epu/lotti* ;  9,  median  glo«*,»- 
epiglottidean  fold   fr»euum  epiglottidin}.    {From  .Sappey.) 

The  amoOUfl  inciuhnim?  (if  the  bOttgUG  n  m  inU«s  Mtli.  r  nnit  tins 
membranes  in  essential   prints  at  stniitun*,  hut  mntitinw /"i/nVrV, 
peculiar    to   itself.      The    tongue   is    also    betel    with    OttSISItHll 
niiu-ous  glands  (tig,  513)  and  Urnphoid  Qodulee, 
a  r.  x  x 
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The  larger  putfittm  of  the   tongue  are  thickly  ad  lie 

anterior  two  thirds  of  its  upper  surface,  of  dowmm  <*>.:  5 \ s),  and 

give  t«>  it  its  characteristic   roughness.      In  carnivore  ds, 

-  ir.llv  those  of  the  cat  tribe,  the   papilhe  attain  i«\ 

and    arc 

curved  horny  spin  h  jjariUue 

cannol  bi  live,  but 

they  enable  the  tooj  the 

par!  ones, 

or  <«f  a  OODftfa  in  cleaning  fur,      The 
papUta  *»f  the  tongue  present  am 
divei  iiree  prin 

tics      may     Ik?      distil .  _ 
naim-lv,   the   I  1  )   flff— mi 
(2)  '  I  the  1  3 

and  filiform  paptlltt.     They  «n*  ifl 
fanned  by  a  projection  chitn 

of  the   mucous  11 
by  stratified  epiAeHiim ;  ti»- 

lal  branches  of  Mik-hI  vessels  and 
nerves. 

The  curium  in  en*  h  kind  ll 
studded  by  minute  conical  pt-^ceaaai 
or  microscopic  papilla. 

(t.)  (  .  —  Then 

pilhe  (fig.  5 14),  Pgbt  <»r  ten  in 
number,  are  -situate  in  a  V  shaped 
line  hi  tin  baee  «»f  the  tongue  1 
fig.  512).  They  an  circular  clem* 
ttous,  from  ,',,th  \*>  ./.'.h  <.f  an  inch 
wide  (l  ko  2  nun.),  each  with  a 
slight  central  ilcpression,  and  *ur 
rounded  by  a  circular  moat,  at  th* 
outside  of  wbioh  again  is  a  sli- 
de vatcd    rinjr    or    ratnpar 


Flff.  51  j.— Section  of  a  mucoiu  fflund 
from  the  tonjrue.  A,  openiog  of 
the  duet  00  the  free  surface  ; 
f\  baitPTnent  meuibr&oe  with  nu- 
clei :  BP  flattened  epithelial  relLa 
lining  dttct,  Thm  duet  divide 
into  *cvernl  branches,  which  am? 
ocrootatedatxleud  blindhr,  In 
lined  throughout  by  roliunnar 
epithelium*  I>,  lumen  of  one  of 
the  tubuli  of  the  gland,  x  90. 
Klein  and  N-Ue  Smith.) 


Us  contain  taste-bttda      tal 
moat  that  surrounds  the  central   Lower,  ■  few  little  glands  open. 

They  fnriu  :i  thin   watery  secretion* 

{2.)   Fungiform* — The    fungiform    papilla    (3,    fig.  5 If)   are 
red   chiefly  over  the  sides  and   tip,  and  spai 
middle  of  the  dorsum,  of  the  tongue  ;  their  u  i  from 

their  being  shaped  like  n  purl  ball  fun::  fig.  515B) 

(3.)  Conical  and  Filiform,     These,  which  are  the  most  abttii 
(hint  pupil  he,  arc  scattered  over  the  whole  upper  surface  of  the 
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tongue,  but  especially  over  the  middle  of  the  dorsum.    They  nin 
in  shape,  some  being  conical  (titnple  or  compound)  and  otfe 
filifunn  ;  tin  reared  by  a  thick  layer  of  rpitheliuni,  which  ia 

either  arranged  over  them,  in  an  imbricated  manner,  or  ia  pro 
longed   from    their  surface  in  t!ie  form  of  line  stir!"  projections 


Fig.  514,— Vertical  section  of  a  oircumvallatc  papilla  of  the  ealf.  1  and  3,  epithelial  layem 
covering  it ;  >.  ttmte-butbi ;  4  and  (',  duct  of  weruuN  gland  opening  out  into  tlie  pit 
in  which  papilla  in  aituuted  ;  5  and  6,  nerve*  ramifying  within  lhi<  papilla. 
(Engelmann.J 

(fig-  5l6)*      From  their  structure,  it  in  likely  that  these  papilhe 
have  a  mechanical  and  tactile  function,  nit  her  than  that  of  taatc 
the    latter  sense  is  seated  especially   in   the  other  two   varieties 
of  papilla),  the  rtretiiin'tf/ftit,  and  fche/Vw^brw*, 

>## 


Kg*  5x5.    Suifaaa  and  flection  of  the  fungiform  papilla-.     A,  the  surface  of  |  fun^i 

pupilla.  partially  denuded  of  it*  epithelium ;  /-t  secondary  papObB  j  t*  epithelium.  It, 
section  of  a  fungiform  papilla  with  the  blood-vessels  injected;  a,  artery;  a,  nte  ; 
r,  capillary  loopti  of  flimilnj*  jpapilb*-  in  the  neighbouring  ntnicture  of  the  tongue ;  -'. 
capillary  loops  of  the  eooondary  papillif  ;  s,  epithelium.  (Prom  Kollikcr,  after  Todd 
1 1 1  >  I  Bowman. ) 

In    the   cm  imivallate   papilhe  of  the  fconglM   of   umn  peculiar 
structures  known   as  tdxfe-hNd&  have   been   discovered.      Tlicv  an- 

of  an  oval  ihape,  and  consist  of  a  number  of  closely  packed, 

very   narrow   and   fusiform,  cells  folUtotorg  nth).      This  central 
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Tin     g  -   tertiimate  n 

pikes  which  project  ou  the  fr< 
Th.  iq  occur  Bkk  by  mcU   jm  conaidenaWt  numkn 

to  tin*  epitheliim 

■ 

the  t< 

mid 

number  of  .!- 

papillae    very   *iimlir  rc 

have    al» 

the  postariot  third 

ie  ami  tbf 

aug  low  as  tW 

face  of  the  ej   _ 

The  gustatory  «lk  • 
the  interior  of  the  tut* 
l  are  surrounded  bf 
arborisation*  of  th*  Ur 
ruinations  of  the  glom» 
pharyngeal  nerre. 

Tl  tot 

dorsum  of  tin 
not  endowed  toanygrat 
degree  with  the  sense  of 
;   the  tip  and  mar- 
gins, and  esp 
posterior    third   of  (he 
dorsum  ( t *.*.,  in  the 
of   the   taste-buds),  p» 
sess   this  faculty.    The 
anterior     part    of   ibf 
tongue  is  supplied  by  the  lingual  branch  of  the  fifth  nerre  audita 
chorda  tympani,  and  the  posterior  third  by  the  glossopharyngeal 
nerve.     Considerable  discussion  has  arisen  whether  there  is  mm 
than  01  The  view  generally  held  by  physiologists 

is  that  the  glosso-phary ngeal  nerve  is  the  nerve  of  taste,  and  d* 
1  the  nerve  of  tactile  sensation.      Nevertheless,  the  lingual 
and  the  ohorda  tymyani  do  contain  taste-fibres,  which  may  be, 


Fig.  *t6.— Filiform  papilhe,  one  with  epithelium, 
the  other  without.  V  —  /»,  the  substance  of  the 
papillii*  dividing  a!  their  upper  extreratties  into 
secondary  papfflw ;  a,  artery,  and  i\  rein,  dividing 
mtu  papillary  loops ;  e,  epithelial  covering,  Unu- 
nited between  the  papiUie.  but  extended  into 
hair-like  processes  f%  from  the  o*t  rtmitie*  of  the 
secondary  papillnv  From  KOUiker,  after  Todd 
and  Bowman. ) 


CH.  LII.] 


NERVES    OF    TASTE. 


693 


however,  ultimately  derived  from  the  glossopharyngeal  by  its 
communication  with  the  fifth  and  chorda  tympani  in  the  tym- 
panic plexus.     Sir  William  Growers,  on   the  other  hand,   holds 


Fig.  517.—  Taste-goblet  from  dog's  epiglottic  (laryngeal  surface  near  the  base),  precisely 
similar  in  structure  to  those  found  in  the  tongue,  a,  depression  in  epithelium  over 
goblet ;  below  the  letter  are  seen  the  fine  hair-luce  processes  in  which  tne  cells  termi- 
nate ;  e,  two  nuclei  of  the  axial  (gustatory)  cells.  The  more  superficial  nuclei  belong 
to  the  superficial  (encasing)  cells ;  the  converging  lines  indicate  the  fusiform  shape  of 
the  encasing  cells,     x  400.    (Schofield.) 


that  the  true  nerve  of  taste  is  the  fifth,  and  that  the  taste-fibres 
in  the  glossopharyngeal  come  ultimately  from  the  fifth. 

Tastes  may  be  classified  into — 

1.  Sweet.  2.  Bitter. 

3.  Acid.  4.  Saline. 

Sweet  is  antagonised  by  acid  as  well  as  by  bitter  tastes.  Acids 
and  salines  apparently  affect  nerves  of  tactile  sense  as  well  as 
those  of  taste  proper.  Sweet  tastes  are  best  appreciated  by  the 
tip,  acid  by  the  side,  and  bitter  tastes  by  the  back  of  the  tongue. 
Flavours  are  really  odours. 

The  substance  to  be  tasted  must  be  dissolved ;  here  there  is  a 
striking  contrast  to  the  sense  of  smell.  In  testing  the  sense  of 
taste  in  a  patient,  the  tongue  should  be  protruded,  and  drops 
of  the  substance  to  be  tasted  applied  with  a  earners  hair  brush  to 
the  different  parts  ;  the  subject  of  the  experiment  must  signify 
his  sensations  by  signs,  for  if  he  withdraws  the  tongue  to  speak, 
the  material  gets  widely  spread.  The  more  concentrated  the 
solution,  and  the  larger  the  surface  acted  on,  the  more  intense  is 
the  taste ;  some  tastes  are  perceived  more  rapidly  than  others, 
saline  tastes  the  most  rapidly  of  all.  The  best  temperature  of 
the  substance  to  be  tasted  is  from  io°  to  350  C.  Very  high  or 
very  low  temperatures  deaden  the  sense. 

It    is  possible   by  chewing   the   leaves   of   ai\  \u&\».\\  \tax& 


694 


TASTK    AND    SMELL. 


ch.  m. 


(Uymuema   sylvestrc)  to    do   away   with    the    power  of  tasting 
bitters  and  sweets,  while  the  taste  for  acids  and  salts  remains. 

The  delicacy  of  tbe  sense  of  taste  is  sufficient  to  discern  i  par: 
of  sulphuric  acid  in  1,000  of  water  ;  the  sense  may  be  improved 
by  practice,  as  in  professional  tea-tasters. 

Smell. 

Here  again  we  shall  take  anatomical  considerations  kforc 
studying  the  physiology  of  the  sense  of  smell. 

The  nasal  cavities  are  divided  into  three  districts : — 

(a)  Regio  vestibviari* :  thv 
is  the  entrance  to  the  cavity; 
it  is  lined  with  a  mucous  mem- 
brane closely  resembling  tl* 
skin,  and  contains  hairs  (n- 
bri**<*)  with  sebaceous  gl&wk 
(6)  Jtef/to  respirattmn  in- 
cludes the  lower  meatus  of  the 
nose,  and  all  the  rest  of  tbe 
nasal  passages  except  {<•);  h* 
mucous  membrane  is  covered 
by  ciliated  epithelium.  TV 
corium  is  thick  and  consist* 
of  fibrous  connective-tissue,  it 
con t»i ins  a  certain  numkr  of 
tubular  mucous  and  seron? 
glands. 
[r)  Rtiiitt  ohttctoria,  includes  the  anterior  two-thirds  uf  tht 
superior  meatus,  the  middle  meatus,  and  the  upper  half  of  the 
septum  nasi.  It  is  considerably  larger  in  animals  like  the  dop. 
with  a  keener  sense  of  smell  than  we  possess.  It  consists  of 
a  thicker  mucous  membrane  than  in  (&),  made  up  of  loose  areolar 
connective-tissue  covered  by  epithelium  of  a  special  varieft. 
resting  upon  a  basement  membrane.  The  cells  of  the  epithelium 
are  of  several  kinds  : — first,  columnar  cells  not  ciliated  (fig.  5 18»4). 
with  the  broad  end  at  the  surface,  and  below  tapering  iuto  an 
irregular  branched  process  or  processes,  the  terminations  of  whiVh 
pass  into  the  next  layer  ;  t  he  second  kind  of  cell  (fig.  5  1 S,  r)  nmsvU 
of  a  small  cell  body  with  large  spherical  nucleus,  situated  betwttii 
the  end*  of  the  first  kind  of  cell,  and  sending  upwards  a  process  m 
the  Miifaee  between  the  cells  of  the  first  kind,  aud  from  the  other 
pole  of  the  nucleus  a  process  towards  the  corium.  The  latter  pm 
cess  is  very  delicate  and  may  be  varicose.  The  upper  pructfc 
is  prolonged  WvonOi  VW  wvrcVuai,  ^Wcvj,  Sx.  VftKRKM&&  *ttn\  aud  in 


Fig.  ;i* 


Cell*  from  the  olfactory  rejrion  of 
the  ruMiit.  *t.  supporting  cell*;  r,  r\ 
olfartoriul  cell* ;  ./',  ciliated  cell ;  *, 
cilia-like  pi-oceane*  ;  ft,  cell*  from  Bow- 
iihiii'm  (rliinil.    (Stohr.) 
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ome  annuals,  like  t lie  bog,  is  provided  with  hail*      ThtiM  cell.% 
vhich  arc  called  oifiactorial  setts*  are  numerous,  and  t h<_-  nuclei  of 


>ig,  >t9<  —  Nerves  of  the  eeptuni  wwit  *e*n  from  the  rijrht  *i<lo.  $,— T,  the  ul  factory  bulb ; 
1,  the  olfactory  nerve*  iMJMitip  thmuhrh  the  foramina  of  the  cribriform  plate,  and  *lt— 
twendinfr  to  be  distributed  un  the  neplwu  ;  l,  the  internal  or  ;  th-  m-.| 

branch  of  the  ophthalmic  nerve  ;   1,  iiii«>-|wilatine  nerve*.  {From  Nappey,  after  Hir*<  ii- 
feld  and  U'wWh.} 

t  Fie  cells  not  being  on  the  same  level,  a  comparatively  thick  nuclear 

layer  is  the  result  (fig.  520).    In  the  oorhunarea  number  of  serous 

glands  called  Bowman's  glands.    Tin  \ 

o|«?n  upon  the  surface  by  fine  ducts 

naming  up  between  the  epithelium 

dells. 

The  distribution  of  the  olfactory 
nerves  which  penetrate  the  cribri- 
form plate  of  the  ethmoid  hone  ami 
to  this  region  of  the  nasal  mu- 
nis  membrane  is  shown  in  fig.  510. 

The  nerve  fibres  roe  continuous  with 
the  inner  processes  of  the  rells  we 
i..i\»  termed  oJfactorial ;  the  columnar 
Delia  between  these  act  ae  supports  to 

tlniii. 

Tht  olfactory  tract  is  an  outgrowth 

»f  the  brain  which  waa  originally  ho] 
low,  und  remains  so  in  many  animals, 
in  man  the  cavity  i*  obliterated,  ami 
the  centre  is  occupied  by  neuroglia  : 
outside  this  the  white  fibres  lie,  ami 

I  thill  superficial  layer  of  neuroglia  covers  these.     The  three  M  cmA*" 


Semi  dingnmBstla  «ee- 

lioli  thtimuli  the  utfurtoiy  run 
morn  brum  of  thcncw-binn 
chad.  9.  non-nuclear;  and  '', 
nucleated  portion-  of  ; 
tliclium  ;  e,  Dttvn  ;  4d,  Bow- 
man's hflno-ls.     {M.  Sehultze.) 
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of  the  olfactory  tract  have  been  traced  to  the  uncinate  gyros  mainly 
of  the  same  side  of  the  brain.  This  is  the  region  of  the  brain  experi- 
mentally found  to  be  associated  with  the  sense  of  smell  (see  p.  663}. 
The  olfactory  bulb  has  a  more  complicated  structure;  above  there 
is  first  a  continuation  of  the  olfactory  tract  (white  fibres  enclosing 
neuroglia)  ;  below  this  four  layers  are  distinguishable :  they  are 
shown  in  the  accompanying  diagram  from  Ramon  y  CajaTs  work, 
the  histological  method  used  being  (Jolgi's. 


Fig.  521.— Nervous  mechanism  of  the  olfactory"  apparatus,  a,  bipolar  cells  of  the 
apparatus  , Max  Bchultze's  olfactorial  ceusj  :  b,  olfactory  glomeruli  ;  c,  mitral 


i),  granule  of  white  layer  ;  k,  external  root  of  the  olfactory  tract  ;  r,  grey  natter  4 
the  sphenoidal  region  of  the  cortex ;  o,  small  cell  of  the  mitral  layer ;  ft,  basket  eft 
glomerulus  ;  r,  spiny  basket  of  a  granule  ;  e,  collateral  of  the  axis-cylinder  process? 
u  mitral  cell ; ./'.  collaterals  terminating  in  the  molecular  layer  of  the  frontal  stf* 
sphenoidal  convolutions ;  <t,  superficial  triangular  cells  of  the  cortex  :  A,  ^upyunsf 
epithelium  cells  of  the  olfactory  mucous  membrane.     (Ramon  y  Cajal.j 

(i)  A  layer  of  white  fibres  containing  numerous  small  cells, or 
"  granules  ''  (l>). 

(2)  A  layer  of  large  nerve-cells  called  "  mitral  cells"  (c),  with 
smaller  cells  {a)  mixed  with  them.  The  axis-cylinder  processes  of 
these  cells  pass  up  into  the  layer  at>ove  and  eventually  become  fibre 
of  the  olfactory  tract  E,  which  passes  to  the  grey  matter  of  the \mt 
of  the  lmiin  f.    They  give  off  numerous  collaterals  on  the  way  fort. 

{$)  The  layer  of  olfactory  glomeruli  (b).  Each  glomerulus  is a 
basket  work  of  fibrils  derived  on  the  one  hand  from  the  terminal 
arl  oris.it ions  of  the  mitnil  cells,  and  on  the  other  from  similar 
arborisations  of  the  non-iuedullated  fibres  which  form  the  next  layer. 

\  \'\  Th>  la*:*r  *f  olfactory  nerve-fibres. — These  are  ikhi- 
inedullated  :  they  continue  upwards  the  bipolar  olfactory  crlk 
oi  as  wi«  have  already  termed  them,  the  olfactorial  cells  of  tk 
iimeou.N  membrane. 

In  testng  a  \*uUeut*  s*i\vs*i  <tf  smelly  substances  like  musk  of 
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assafcotida  should  be  employed  ;  pungent  substances  like  ammonia 
affect  the  nerves  of  tactile  sense  (fifth  nerve)  more  than  the 
olfactory  nerves. 

The  sense  of  smell  is  excited  either  by  gaseous  or  very  finely- 
divided  solid  particles;  these  affect  the  terminations  of  the 
olfactorial  or  bipolar  cells  and  the  path  to  the  brain  of  the 
nervous  impulse  so  set  up  we  have  already  indicated.  Liquids, 
unless  they  are  volatile  (that  is,  give  off  vapours),  do  not,  as  a 
rule,  excite  the  sense ;  thus  Weber  could  not  smell  the  slightest 
odour  when  his  nostrils  were  completely  filled  with  water  con- 
taining eau-de-Cologne.  It  is  matter  of  common  experience  that 
odours  and  flavours  (which  are  really  odours)  cannot  be  perceived 
readily  when  the  amount  of  moisture  in  the  nose  is  increased,  as 
when  one  has  a  bad  cold. 

On  the  other  hand,  the  mucous  membrane  must  not  be  too 

dry  ;  this  also  impairs  the  delicacy  of  the  sense.     The  delicacy 

of  the  sense  is  most  remarkable ;  thus,  Valentin  calculates  that 

**  of  a  grain  of  musk  can  be  distinctly  smelt :  and  even 

1  0  0,00(1,000  ©  *  ' 

this  can  be  improved  by  practice,  as  in  certain  tribes  of  Indians. 

We  cannot  at  present  give  a  scientific  classification  of  odours ; 
the  only  possible  classification  into  pleasant  and  unpleasant  is  a 
matter  of  individual  education  and  taste  to  a  great  extent. 


CHAPTER   LIII. 

HEARING. 
Anatomy   of  the   Ear. 

The  Organ  of  Hearing  is  divided  into  three  parts,  (1)  the 
external,  (2)  the  middle,  and  (3)  the  internal  ear.  The  two  first 
are  only  accessory  to  the  third  or  internal  ear,  which  contains  the 
essential  parts  of  the  organ  of  hearing.  The  accompanying  figure 
shows  the  relation  of  these  divisions,  one  to  the  others  (fig.  522). 

External  Ear. — The  external  ear  consists  of  the  pinna  and 
the  external  audi  tori/  meatus. 

The  principal  parts  of  the  pinna  are  two  prominent  rims 
enclosed  one  within  the  other  {helix  and  antihelis),  and  enclosing 
a  central  hollow  named  the  concha ;  in  front  of  the  concha 
is  a  prominence  directed  backwards,  the  tragus,  and  opposite 
to  this  one  directed  forwards,  the  antitrugus.  From  the  concha, 
the  auditory  canal,  with  a  slight  arch  directed  upwards,  passes 
inwards  and  a  little  forwards  to  the  membrana  tympani,  to 
which    it  thus  serves  to  convey  the    vibrating  air.     lte  watax 
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part   QOKunata   ol*   fibrocartilage  continued   from    Lbo   u 
inner  part  of  bona      Both  are  lined  by  skin  Qonliauotll  with  that 
ol  the   | »i i j 1 1; t  ;   tin    skin   also   extendi  over  the  out  >f  the 

trt*  int>ft,m  fr//ti/«tm.     Towards  the  outer  purt  of  tlin  raflal  i 
balm  and  sebaceous  glands,  while  deeper  in  the  canal  an 


Fi#.  W3,  Diagram  mutt  r  view  from  before  of  the  part*  composing:  the  organ  of 
the  l*-f t  aide.  Tin-  temporal  l**ue  of  tin*  left  fide,  with  the  aeootnpeiuyinir  no 
him  been  detached  Tram  the  head,  and  a  sMvtion  hn«  been  auiiM  through  i 
veraely,  no  an  to  remove  the  front  of  the  mciitu*  externum,  half  the  tympanic  1 
brane,  the  upper  and  (interior  wall  >if  the  tympanum  and  Eustachian  tube, 
meatus  internus  has  aim  beta  opened,  and  the  i*>ny  labyrinth  exposed  by  the  rrtnonl 
of  the  mTOODdine  parts  of  the  petrous  bone,  i*  the  pinna  and  lobe;  i,  to— tat 
extemu*  ;  j\  mem  bran  a  tyiupanl ;  u  cavity  of  the  tympanum  ;  V,  it*  opening  bafa> 
ward*  oilo  the  init"t<M'l  ecu*;  batwean  i  and  i',  the  chain  of  small  bones;  4,  Eusta- 
chian tube;  5,  mentis*  intern  it*,  containim?  the  facial  oppenuosti  and  the  auditor* 
aanrm  ;  6,  plof-ed  no  lie-  veMibule  of  the  labyrinth  above  the  fenestra  oval  in ;  «,  aprt 
of  the  petrous  bane;  ft,  internal  carotid  artery;  **  styloid  process;  e\  fact*)  oervt 
isxuinK  from  the  stylo  M— told  f oraim  n  :  *,  mastoid  process  ;  /,  squamous  part  of  the 
bone  covered  by  isitg  UUMD&,  Ate.     (Arnold. 

glands,  resembling  the  sweal  glands  in  structure,  which 

ft  rtf/nrti  or  Wax  of  the  car. 

Middle  Ear  or  Tympanum.  The  middle  «»r,  <»r  tvmp 
or  1 1  mi  1 1  (3,  Hg«  5**).  '*  sefiar.it  ed  l»)  the  wm/'mii'f  ft/m/Mim  from 
1  Kij  external  auditory  meatim.  It  ism  cavity  in  the  temporal  boo^ 
ripening  through  its  anterior  and  inner  wall  into  the  Ktiatachian 
ruhe,  a  eylindriforrn  flattened  canal,  dilated  at  1kit.Ii  en»k 
poaed  partly  of  l>one  and  partly  ol  elastic  cartilage  and  lined  w  jtii 
mucous  membrane,  which  forms  a  communication  between  tl»f 
tympanum    and  the  pharynx*      It  opens  into  the  cavitj  i 

A/TUX    just    behind    the    uoaturiur    aperture    of    the 
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The  cavity  of  the  tympanum  communicates  posteriorly  with  air- 
eavitiea,  the  mastoid  ctlt*  in  the  mastoid  process  of  the  temporal 
1m hm  ;  but  its  only  ripening  to  the  external  air  is  through  the 
hwtartlilll  tube  (4,  fig,  522).  The  walls  of  the  tympanum  are 
osseous,  except  where  apertures  in  them  are  closed  with  mem- 
brane,  as  at  the  fenestra  rtthtnda^  ami  fenestra  md   at  the 

outer  part  where  the  bone  in  replaced  by  the  BfteOlbfana  tvmpanL 
The  cavity  of  the  tympanum  is  lined  with  mucous  membrane, 
the  epithelium  of  which  is  ciliated  and  continuous  through  the 
Eustachian  tube  with  that  of  the  pharynx.  1 1  contains  a  chain 
Of  small  bones  which  extends  from  the  oiembrana  tympani  to  the 
fenestra  oval  is. 


S3    , 
*-~/V 


: 


Fig.  534.— The  ineux,  or  anvil-bone, 
r,   body  ;    i,  ridged  Artie iilntiuu 
Fig.  52  \.— Th«J  hummer-        for    the    malleim  ;     4,    pine*-** us 
bone  or  malleua,  Keen       brevi*,  with.  5,  rough  articular 
from  the  front.     1,  the       Kurfwe  for  ligament  of    bOOW; 
bead;     t,    neck;      J,        Gtprooe=*u* nuumiio, with  art imi- 
tating siirfaee  for  stajtes  :     l  im- 
trieti t  f  oramen .     ( Sehwalbe. ) 


•hort       prooosa :       4, 
handle.    (Sohiralbe.) 


Fitf,  ,**<;. -The  st*pw,  or 
Kfimip-lioae.  t,  base; 
2  and  J,  arch*  4,  head 
of  bone,  which  art  km - 
witb  orbicular 
pr»n  ♦»»  of  the  inpu* ; 
r^trioted  part  of 
■Ottk  j  6.  one  of  the 
crura.     (Schwalbe.J 


The  mtmbrtmQ  tympmi  is  placed  in  a  slanting  direction  at  the 
bottom  of  the  external  auditory  canal,  its  plane  being  at  an  angle 
of  about  45  with  the  lower  wall  of  the  canal.  It  is  former] 
of  tough  and  tense  fibres,  some  running  radially.  Home  circu- 
larly :  its  margiu  is  set  in  B  bony  groove  ;  its  outer  suriV 
covered  with  a  continuation  of  the  cutaneous  lining  of  the 
auditory  canal,  its  inner  surface  with  the  mucous  membrane  of 
t  fa  tympanum. 

The  OttidUi  are  three  in  number:  named  malleus,  incus,  and 
-'■i  l  "■■-.  The  malleus,  or  hammer  hoiR\  ha*  a  long  slightly- 
curved  process,  eilled  its  handle,  whirli  is  inserted  between 
the  layers  of  the  rnenihraua  tympani  ;  the  line  of  attachment 
is  vertical,  including  the  whole  length  of  the  handle,  and 
extending  from  the  upper  border  to  tbe  centre  of  the  membrane. 
The  head  of  the  malleus  is  irregularly  rounded  :  its  neck,  or  tbe 
line  of  boundary  between  the  head  and  the  handle,  *\y\j\ww\>.  IJHto 


tlEAinX(i. 


Kill. 


¥yg.  5 a6.— Interior  view  of  the  tympanum,  with 
i3i.  mhmnu  tympani  and  Don 
position*  iT  MetabnittH  tyiupuni ;  a  |mj^1:i- 
ohian  tube ;  \,  teuar  tjmpuu  musel*!  ;  4,  Ug. 
mallei  aactOC  :  5,  Uk  nwllfi  pHjfxjr. ;  (,  tihorda- 
tympam  nerve ;  a,  b,  juid  ct  jonuaet  about 
osait'lwi.    (Schwftlbe.) 


ptOQSODOO  I   I  iftorl  conical  <aic,  which  receives  the  insertiou  of  lbs 
faisor  tywipcmii  and  a  dtndtr  one,  proc  which  extends 

fom 
,  the   wall   of   the  cavity 

the   Glaaeriat 
The    tttttU,    or    anvil 
- 1 1- « p«  ■  I      like      a      bicuspid 
molar  tooth,  is  articul 
by  it«  broader  part,  eorre* 
Bpondi&g  with  the  surface 
of  tin'  crown  of  tl, 
to  the  malleus.    Of  its  two 
like      processes,     one, 
directed  backward^  has  a 
free  end  lodged   in    i 
pression    in    the    mat 

hone  ;     the    Other, 
downwards,  and 

more     pointed,    a  rt  j  . 
by    uicii  i    ruun< 

tubercle,    formerly   called   04   orMcttfare,    with   the   jM/*4,   a   little 
bone   shaped  exactly  like  a  stirrup,  of  which  the  bast  <•?■  \> 

into  the  membrane  of  the  fenestra  ovalia,     To  the  m 

stapes,  a  short  proi  ess,  con  espondinj: with  the  loop  of  the  stirrup, 
1-  attached  the  fitapediui  muscle. 

The  hones  of  the  car  are  covered  with  mucous  membrane 
reflected  over  them  from  the  wall  of  the  tympanum  ;  and  are 
moveable  both  altogether  and  slightly  one  upon  the  other.  The 
malleus  moves  and  vibrates  with  every  movement  and  v 
the  maznbrana  tympani,  and  its  movements  are  communicated 
through  the  incus  to  the  stapes,  and  through  it  to  the  membrane 
ag  the  fenestra  ovaUs, 

Thi  muscles  of  tht  tpnftanum  are  two  in  number.      The  I 
tympa  from    the    cartilaginous   end    of    t! 

tube  and    the   adjoining  surface  of    the   sphenoid  and   frot 
sides  of  tin    (mil  in  which  the  muscle  lies;  the  tendon 
muscle  hinds  at  nearly  a  right  angle  over  the  end  of  the  pro- 
cessus riformis  and  is  inserted  Into  the  inner  part  of  the 
handle  of  tie  malleus.     The  Stapedius  is  concealed  within  a  canal 
in  the  hone  in  front  of  the  aqueductus  Fallnpii.      The  tendon 

from   the  aperture   of   this  canal  and   is  iusertcii 
neck  of  the  stapes  posteriorly. 

The  Internal  Ear. — The  proper  organ  of  bearing  is  foi 
by   the  distribution  of  tUe.  auditory   nerve  within   tin 


THE    OSSEOUS    LABYRINTH 


ear,  ur  lahyjinth,  a  svi  of  oatitiei  within  the  petrous  portion  of 
the  temporal  bone.  The  bone  which  forms  the  walls  of  these 
cavitirs  is  dense?   than    that  around    it,    and    forms    the 

labyrinth;  the  membrane  witbio  the  e&vitiee  tonus  tin-  muj* 
bramu*  labyrinth*  The  membranous  labyrinth  contains  ■  Bold 
called  enddpmph;  while  outside  it,  between  it  and  the  <>^eous 


Fig.  517— Right  bony  labyrinth,  viewed 
from  the  outer  HiuV  The  wpecimen 
tieTe  represented  in  prepared  by  ncpa* 
rating  piecemeal  the  1  newer  unbalance 
Of  the  peftroiu  bone  fruui  the  denae 
will]-  which  immediately  enclose  the 
labyrinth,  i.the  TWtiuinlci  I  a„  fen- 
estra ovnlu ;  j„  superior  MPiirJroolil 
canal ;  4,  horizontal  or  external  nt rial  \ 
5,  posterior  canal ;  •,  ampulla*  of  tit.- 
semicircular  canal* ;  6,  first  turn  of 
the  cochlea  ;  7,  second  turn ;  8,.  apex  ; 
0,  fenestra  rotunda  The  smaller 
figure  in  outline    below  shows   the 

natural  riie.    ??.    (Bommering-) 


Pig.  528. — View  of  the  interior  of  the  left 
Labyrinth,  The  bony  wall  of  the  laby- 
rinth in  removed  superiorly  and  exter- 
nally, r,  fovea  hemielliptk-a  ;  2f  fovea 
hemisph  erica  ;  u  common  opening  of 
the  superior  and  posterior  setuicin  ulnr 
canal*  ;  4,  opening  of  the  aqueduct  of 
the  vestibule;  5,  the  "or*  n  r  «  .  t li- 
posterior,  and  7,  the  external  sernieir- 
*  ular  canal* ;  8,  spiral  tube  of  the 
cochlea  (seals  tvrapani  ,.  »]  ••  rung  of 
the  aqueduct  of  the  cochlea ;  10,  placed 
on  the  lamina  spiralis  in  the  m  ala  vea- 

tibuli,    ai     (Summering.) 


labyrinth,  is  ■  fluid   called  ptritytnph.     This  fluid   is  not  pure 
lymph,,  oh  it  contains  mucin* 

The  caseous  labyrinth  consists  ol  fchiee  piiiuipul  parts, 
namely  the  pflrtlfttifafc  the  tecA&o,  ind  the  Mmicir&itar  COMalt* 

The  \mtibvU  is  the  middle  nivity  of  the  labyrinth,  and  the 
central  organ  of  the  whole  audit  my  apparatus,  It  presents,  in 
its  inner  wall,  several  openings  for  the  tut  ranee  of  the  divisions 
of  the  auditory  nerve;  in  its  outer  wall,  the  t'nitsfra  mmU* 
(2,  fig.  527),  an  opening  tilled  by  membrane  in  which  is 
inserted  the  base  of  the  stapes  ;  in  its  posterior  and  superior 
walls,  five  openings  by  which  the  nemivir* mfar  COTOfr  com- 
municate with   it:   in   its  anterior  wall,  an  Qpeofag  Wvdwvi  vuw 
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the  cochlea.  The  structure  of  the  semicircular  canals  is  described 
in  Chapter  XLIX. 

The  cochlea  (6,  7,  8,  fig.  527,  and  8,  fig.  528),  a  small  organ, 
shaped  like  a  snail-shell,  is  situated  in  front  of  the  vestibule,  its 
base  resting  on  the  bottom  of  the  internal  meatus,  where  some 
apertures  transmit  to  it  the  cochlear  filament*  of  the  auditor/ 
nerve.  In  it*  axis,  the  cochlea  is  traversed  by  a  conical  column, 
the  modiolus,  around  which  a  sjnral  canal  winds  with  two  turns 
and  a  half  from  the  base  to  the  apex.  At  the  apex  of  the  cochlet 
the  canal  is  closed ;  at  the  base  it  presents  three  openings,  of 
which  one,  already  mentioned,  communicates  with  the  vestibule; 
another,  called  fenestra  rotunda,  is  separated  by  a  membrane  from 
the  cavity  of  the  tympanum  ;  the  third  is  the  orifice  of  the 
af/ito'thictuB  cochleae,  a  canal  leading  to  the  jugular  fossa  of  the 
petrous  bone.  The  spiral  canal  is  divided  into  two  passages,  or 
scahe  (staircases),  by  a  partition  formed  partly  of  bone,  the 
lamina  spiralis,  connected  with  the  modiolus,  and  partly  of  1 
membrane  called  the  fxuular  membrane. 

The  Membranous  Labyrinth. — The  membranous  labyrinth 


Fig.  V9--  Diagram  of  the  right  membranous  labyrinth.  U,  utricle,  into  which  the  tine 
semicircular  canals  open  ;  8,  saccule,  communicatinir  with  the  cochlea  [Cj  byCt, 
the  canali*  reunienn,  and  with  the  utricle  by  a  canal  having  on  it  an  nilaigrimit,  tkf 
hwcuk  endolymphaticua  { 8.E. ) .  The  black  shading  represents  the  places  of  tenaiaitsa 
of  the  auditory  nerve,  namely,  in  the  maculae  of  the  utricle  and  saccule ;  the  crates 
the  ampullar)-  ends  of  the  three  semicircular  canals  ;  and  in  the  whole  length  of  &» 
canal  of  the  cochlea.    (After  Bchafer.) 

corresponds  generally  with  the  form  of  the  osseous  labyrinth,  so  far 
as  regards  the  vestibule  and  semicircular  canals,  but  is  separated 
from  the  walls  of  these  parts  by  perilymph,  except  where  the  nerrei 
enter  into  connection  within  it.  The  labyrinth  is  a  closed  membrane 
containing  cndolymph,  which  is  of  much  the  same  composition  as 
perilymph,  but  contains  less  solid  matter.  It  is  somewhat  viscid, 
as  is  the  perilymph,  and  it  is  secreted  by  the  epithelium  lining  it* 
ty ;  all  the  aouovow*  \Vbt&&\o>Y&  ta\^tQH&u\£  the  auditory  nerves 
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in  these  parts  d   t lie  internal  ear,  sire  conducted  through  fluid  to 

i  membrane  suspended  in  and  containing  Sulci,     In  the  « Idea, 

the  membranous  labyrinth  completes  Ibe  sepimu  between  the 
two  icalft,  and  encloses  a  spiral  canal,  previously  mentioned, 
vailed  the  atttafix  mc/dam  {H^'.  530),      The   fluid    in   the  toofa  of 

the  ooehles  11  continuous  with  the  perilymph  in  the  vestibule  end 

semicircular  canals.      The  vestibular  purtiou  nf   the   lm'inhrannus 

labyrinth    comprises    two  communicating   OftVlties,    of   which    th«- 

larger  and  upper  is  named  the  utriefa  ;  the  lower,  the  sacatb:     They 

lodged  in  depressions  in  the  bony  labyrinth,  termed  respectively 

m  hemittliptiica  and/bwi  he\  ml      Into  the  former  open 

th-  orHleei  of  the  membranous  semicircular  canals  ;  into  the  Utter 
by  the  OamlJB  reuniens,  the  canal  of  the  cochlea,  which  is  filled 
with  eiidolvmpb.  The  accompanying  diagram  (fig,  520)  gives  the 
relationship  of  all  these  parts  to  one  another. 

Auditory  Nerve, — All  the  organs  now  described  are  provided 
for  the  appropriate  exposure  of  the  ti laments  of  the  auditory 
Bern  to  vibrations.  It  enters  the  bony  canal  {the  meatu* 
ttthliUtriuA  tnternu*),  with  the  facial  nerve  and  thc.nervus  inter- 
medins, and,  traversing  the  bone,  enters  the  labyrinth  at  the 
angle  between  the  base  of  the  cochlea  and  the  vestibule,  in  two 
divisions  ;  one  for  the  vestibule  and  semicircular  canals,  and  the 
other  lor  the  cochlea, 

There  arc  two  branches  for  the  vestibule,  one,  superior,  dis- 
tributed to  the  utricle  and  to  the  superior  and  horizontal  semi- 
circular canals,  and  the  either,  inferior,  which  arises  from  the 
cochlear  nerve,  cuds  in  the  saccule  and  posterior  semicircular 
ennah  Where  the  nerve  comes  in  connection  with  the  utricle 
and  saccule,  the  structure  of  the  membrane  is  modified  and  the 
places  arc  called  macula*  acoustical.  At  the  ampullae  of  the  semi- 
circular canals,  too,  the  structure  is  altered,  becoming  elevated  into 
a  ridge,  which  projects  into  the  interior  of  the  cavity,  forming  the 

rfa  aconstica.  The  distribution  of  the  rest  of  the  cochlear  nerve 
occurs  along  the  whole  length  of  the  canal  of  the  cochlea. 

The  structure  of  the  membranous  canals  has  been  given  in 
<  hapter  XLIX.,  so  we  can  pass  at  onue  to  the  cochlea. 

This  is  best  seen  in  vertical  section;  the  cavity  is  divided  into 
two  scahc,  partly  by  bone  (the  spiral  lamina})  partly  by  mem- 
brane (the  basilar  membrane);  the  other  end  of  the  basilar 
membrane  is  attached  to  the  bone  by  a  ligament  (the  spiral 
Ht/ament),  formerly  supposed  to  be  a  muscle  (Bowman's  muscle)  ; 
the  two  spiral  staircases  or  scalea  are  named  mala  ve*tibult  and 
tcala  ttfrnpant (tig.  5 3  r ) .  At  the  apex  of  the  cochlea,  the  spiral 
lamina  ends  iti  a  small  ftamnltt%  the   inner  and  cowcaxc   QU&  **\ 
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Vi-w  n{  the  unom*    cochlea 
th«  middle, 
tntl  ennui  < if  the  modiolus;  *,  liimin* 

-t-ulii   vettibuli;    :,.  poi 
*if  the  tnoiliotuM  nenr  one  of  the  see* 
ilin  *piral»  modioli, 
f.    i  Arnold.) 


which,  teing  detached  from  the  summit  of  the  modiolus,  loaves  i 
bhiaU  aperture  named  f  no,  by  which  *caLr, 

separated  in  all  the  rest  of  their  1-  jut) 
Besidei  I  ibuli  and 

•    or    '■''■ 
1 
tu 

«^E5tt(LP^^^av  itti'tl     l>\     tin-    wall    <: 

b!^£z£&\  *"2  B         '^'  J|»l»<r   w;ill 

tin-   membrane  ol   Bcitm^  sal 

its   IOV0T   wali 

■  i  la  ivn  the  huahr 

memb 
the     outer     edge     of 

lamina    spiralis.      Folio      _ 
turns  of  the  oooU 
la  media  share  fcenninates  blimSj  :   while  t  the  bear 

of   the  cochlea   it  is  also  closed   with    the    exception   of  a  tin 
narrow    pottage  (eatialis   reunions)    uniting    it    with    the  saccule. 

The  seaht  ru 
tie  the  meat 

bra  nous       lai 
eon  tains  ^nMympk. 

Upon  the  hasi  lar  menr 
hmne     are    an 
eel  1*  of  various  shape* 
About     tnidwaj    l** 

a  the  anil 
of  the  lamina 

liter  itaIM 
the   cochlea  ai 
a  ted  t  I 
View. 

are  seen  to  eoi 
an    external    ai 
temal  pillar,  eachr^ 
in^  frotn  an  expai 
foot  or  ba**  attacM 
to   the   basilar  membrane  (o,  u,  tig.  532)*      They   slant  in* 
Inwards  each  other,  and  each  ends  in  a  swelling  termed  the 
lead  ol  tW  Lvmei  \w\\&i  <i\«t\\<!k  n\\*x.  v^  -  -   (fa 


Pig 


(diagrammatic).    Si 
tibuli;  Oi 


c,  f .—  St « -til  »n  through  one  of  the  code  of  the  cochlea 
nmtk).  8T,  Bcala  tyuipani ;  ffF,  teal*  Tea- 
oaltti  coehlero  or  caiudan  membranfteeu* ; 
IT,  membrane  of  Reiiwner ;  /«>,  lamina  spiralis  f nwea  ; 
//#,  limbua  laminie  *pirali* ;  «,  sulcus  spiralis ;  **r, 
eochlear  nerve  ;  f>,  gawrlian  »pirale ;  »,  membrana 
tectoriu  (below  the  membrana  tectoria  is  the  luminii 
reticularis]  j  bt  membrana  baiolaris ;  '  rod*,  oi  I  orti , 
I*?,  ligamentutu  apirale.      Qumn  } 
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h  pan*  of  pillars  forms  ;i  pointed  rod  fcTOhifig  0T6T  ■  WptH %  . 

by  .1  kaooeauoa  of  then  a  tunnel  1b  formed. 

There  are  about  3,000  of  these  pairs  of  pillars,  in  proceeding 
from  the  base  of  the  cochlea  toward*  Its  Bp  -x.  They  ore  found 
progressively  tii  increase  in  length,  alio1  become  more  ohli.pic  ;   in 

other  words  the  bound  beoomei  wider,  hut  iliminishcs  in  height 

*e  approach  the  apex  of   the  cochlea.      Leaning   against   tie M 
<  rnal  and  internal  pillars  an    certain   other  cells,  called  Ati 

«■//*,  which  terminate  in  small  hair-like  prooeeieg.     There  aw 

eral  row*  of  these  011  the  outer  and  one  row  on  the  inner  sih 
Between  them  are  certain  .supporting  cells  culled  ftftfl  qf  D>(tn*. 


Yi%.  53a. —Vertical  wecliun  of  the  organ  of  Ootid  from  the  dn^r.  x  to  /.  hniriiigvneoiif 
layer  of  the  iminbnuift  biiwilari*  ;  r  TWtftrBlar  layer;  v.  tympanal  layer,  with 
nuclei  and  protoplaam  ;  a,  prolongation  of  tympanal  periosteum  of  lamina  uplrnli* 
o**ea  ;  thldb  ned  commencement  of  the  inembraxia  ba*ilari»  near  the  point  of  per- 
foration of  the  nen-wi  h  ;  J,  blood -vophpI  Ivan  Hpiralel ;  r,  blood- ve**el ;  /.  nerrea; 
£T.  the  epithelium  of  the  jouvo*  npirali*  inlertiu*  ;  %  internal  h*ir~eell,  with  baaal 
proee**  ft,  anmiiinded.  with  nuclei  and  pfutOpaMCO  bf  Dm  irmnular  layer),  into  which 
the  nerve-llbres  radiate;  I,  hair*  of  the  internal  hair-cell ;  *>,  base  or  foot  of  LuMM 
pillar  of  onran  of  Coitl  ■  ,«.  |i. -ad  of  the  mnc  uniting  with  the  ci>rre«p Hiding  part  of 
an  external  pillar,  who**'  under  Imlf  i*  rnixsiiitf,  while  the  next  pillar  beyond,  ". 
present*  both  middle  portion  and  bam  ;  r  *  *h  thi.  e  extern*]  bair  «elh ;  I, bam  of  two 
liHouring  hair  or  tufted  cell*  ;  r,  ranpottiag  I  ell  of  Dtdten;  w?,  nerve-fibre 
arborininirround  the  iirst  of  the  external  hair-cell* ;  t  i  to  I,  lamina  reticularis. 
x  Boo.    (WaJdeyer.) 

Most  of  the  above  details  are  shown  in  the  accoiiipain  iug  figure 
(fig,  532)^  This  structure  rests  upon  the  basilar  membrane  ;  it 
is  roofed  in  by  a  fenestrated  membrane  Of  lamina  reticularis  into 
the  fenestra?  of  which  the  tops  of  the  various  rods  and  cells  are 
received.  When  viewed  from  aln>ve,  the  OfgW  of  <Wti  shows  :t 
remarkable  semblance  to  the  key- board  of  a  piano*  The  top  nf 
ih<  organ  i^  roofed  by  the  mtmhrtma  tectcria  (ftg<  531,  o  thai 
extends  from  the  end  of  the  limhtts  (#*,  hV,  JJfX  aeonnecti\r 
tissue  Btructure  OH  the  spiral  lamina.  In  close  relation  with  the 
hair-cells  which  form  the  auditory  nerve  epithelium,  atv  GtaKMGftft 
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of  the  auditory  nerve.  These  are  derived  from  the  cochlear 
division  already  mentioned.  This  passes  up  the  as  is  of  the 
cochlea,  and  in  its  course  gives  off  fibres  to  the  lamina  apiralk 
These  fibres  are  thick  at  their  origin,  but  thin  out  peripherallj, 
and  containing  bipolar  ganglion  cells  form  the  ganglion  qtiralr. 
Beyond  the  ganglion  at  the  edge  of  the  lamina  the  fibres  pass  up 
and  become  connected  with  the  organ  of  Corti,  arborising  around 
the  hair-cells. 

Physiology  of  Hearing. 

Sounds  are  caused  by  vibrations  ;  when  a  bell  or  a  piauostring 
is  struck,  it  is  thrown  into  a  series  of  rapid  regular  vibrations: 
the  more  rapidly  the  vibrations  occur  the  higher  is  the  pikk  of 
the  musical  note,  that  is,  it  is  shriller.  The  vibrations  are  trans- 
mitted as  waves  through  the  air,  and  ultimately  affect  tk 
hair-cells  at  the  extremities  of  the  auditory  nerve  in  the  cochla. 
The  semicircular  canals  are  not  concerned  in  the  sense  of  hearing; 
their  function  in  connection  with  equilibration  is  described  ii 
Chapter  XLIX.  The  external  and  middle  ears  are  conducting; 
the  internal  ear  is  conducting  and  receptive.  In  the  external  ear 
the  vibrations  travel  through  air  ;  in  the  middle  ear  through 
solid  structures — membranes  and  bones;  aud  in  the  in  term]  ar 
through  fluid,  first  through  the  perilymph  on  the  far  side  of  the 
fenestra  ovalis  ;  and  then  the  vibrations  pass  through  the  bask 
-memhrane,  and  membrane  of  Reissner,  and  set  the  eudolymphof 
the  canal  of  the  cochlea  in  motion. 

This  is  the  normal  way  in  which  the  vibrations  pass,  bat  the 
ondolymph  may  be  affected  in  other  ways,  for  instance  through 
the  other  bones  of  the  head  ;  one  can,  for  example,  hear  the  ticking 
of  one's  watch  when  it  is  placed  between  the  teeth,  even  when  the 
ears  are  stopped.  From  this  fact  is  derived  a  valuable  practial 
method  of  distinguishing  in  a  deaf  person  what  part  of  the  orpa 
of  hearing  is  at  fault.  The  patient  may  not  be  able  to  hear  t 
watch  or  a  tuning-fork  when  it  is  held  close  to  the  ear;  but  if  be 
can  hear  it  when  it  is  placed  between  his  teeth  or  on  his  forehead, 
the  malady  is  localised  in  either  the  external  or  middle  ear:  if  hf 
can  hear  it  in  neither  situation  it  is  a  much  more  serious  cue. 
for  then  the  internal  ear  or  the  nervous  mechanism  of  hearing  » 
at  fault. 

In  connection  with  the  external  ear  there  is  not  much  more  to 
l»c  >ai<l  :  the  pinna  in  many  animals  is  large  and  acts  as  a  kind  of 
natural  e.u-tninipet  to  collect  the  vibrations  of  the  air:  in  man 
thi>  function  i>  to  a  very  great  extent  lost,  and  though  therein 
muscle!*  procni  \v>  \wo\v  \x  \\\\*>  3k\>Yro\im&e  postures,  they  art  not 
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under  the  control  of  the  will  in  the  majority  of  people,  and  are 
functionless,  nn central 

In  the  middle  ear,  however,  there  are  several  points  to  be 
considered,  namely,  tin  action  of  the  membrana  tyiupani,  of  the 
oaaicles,  of  the  tympanic  muscles,  and  of  the  Eustachian  tube, 

Tht  Memfoma  TyvtopanL — This  membrane,  unlike  that  of 
ordinary  dnunaj  mi  take  Qp  ami  vibrate  in  response  »<>,  not  only 
it>  own  fundamental  tone,  but  to  an  immense  range  of  tones 
differing  from  each  other  by  an  mueh  as  seven  OOtftVOtt,  This 
flPOuld  clearly  he  hn[>ossihle  if  it  were  an  evenly  stretched 
membrane.  It  is  not  evenly  nor  very  tightly  stretched,  but  owing 
to  its  attachment  to  the  chain  of  ossicles  it  is  slightly  funnel- 
shaped  :   the  ossicles  also  damp  the  continuance  of  the  vibrations 

When  tlu1  membrane  gets  too  tightly  stretched,  by  increase  or 
decrease  of  the  pressure  of  the  air  in  the  tympanum,  then  the 
sense  of  In  a  rim:  is  dulled.  The  pressure  in  the  tympanic  cavity 
is  kept  the  same  as  that  of  the  atmosphere  by  the  Ettntftr/it'tti 
tuhry  which  leads  from  the  cavity  to  the  pharynx  and  so  to  the 
external  air.  The  Eustachian  tube  is  not,  however,  always  open; 
it  is  opened  by  the  action  of  the  trns'tr  f#tl<tti  during  swallowing. 
Suppose  it  were  closed  owing  to  iwelling  of  its  mucous  membrane — 
this  often  happens  in  inflammation  of  the  throat — the  result 
would  be  what  is  called  Ewtackim  ot  tfcoai  thofim^  and  this  is 
relieved  by  passing  a  catheter  so  as  to  open  the  tube.  When  the 
tube  i>  ejnsi-d,  the  blood  in  the  vessels  of  the  tympanic  wall  takes 
up  oxygen  from  the  imprisoned  air,  and  gives  off  earl  wine  acid  in 
exchange;  but  the  amount  of  carbonic  and  given  out  is  less  than 
the  amount  of  oxygen  removed,  so  that  the  total  quantity  of  gases 
within  the  tympanum  is  reduced,  and  its  pressure  consequently 
beeoTiies  less  than  that  of  the  atmosphere,  so  the  membrane  is 
cupped  inwards;  it  is  this  increased  tightening  of  the  membrane 
that  produces  deafness.  Here  is  also  an  accumulation  of  mucii>. 
When  one  makes  a  violent  expiration,  as  in  sneezing,  some  air  is 
often  forced  through  the  Eustachian  kibe  into  the  tympanum, 
The  ears  feel  as  though  they  were  bulged  out,  as  indeed  the 
uiemliraua  tyiupani  i>,  and  there  is  again  partial  deafness,  which 
sensations  are  at  onee  relieved  by  swallowing  so  as  to  open  the 
Eustachian  tube  and  so  re-establish  equality  of  pressure  onee  more, 

Th*-  oss/r/,N  communicate  the  vibrations  o|  the  metnhraua 
tyiupani    (to   which    the   handle  of  the  malleus   is   Bled)   to  the 

1  membrane  which  closes  the  fenestra  oralis  (to  wlueli  the  foot  of 
the  stapes  is  attached).  Thus  the  vibrations  are  communicated 
to  the  fluid  of  the  internal  ear  which  is  situated  on  the  other  wide 
of  the  oval  window. 
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The  following  diagram  will  assist  us  in  understanding  bov  this 
is  brought  about.  The  bones  all  vibrate  as  if  they  were  one,  the 
slight  movements  between  the  individual  bones  being  inappre- 
ciable. The  utility  of  there  being  several  bones  is  seen  when  the 
vibrations  are  excessive ;  the  small  amount  of  "  give "  at  the 
articulations  is  really  protective  and  tends  to  preveut  fracture*. 

The  handle  of  the  malleus  is  inserted  between  the  layers  of  the 
tympanic  membrane;  the  processus  gracilis  (p.  </.)  has  its  end  A 
attached  to  the  tympanic  wall  on  the  inner  aspect  of  the  Glaaeriao 

fissure  ;  the  end  B  of  the 
short  process  (*.  p.)  of  the 
incus  is  fastened  by  a 
ligament  to  the  oppwit* 
wall  of  the  tympanic  cavity: 
the  end  D  of  the  long  pro- 
cess of  the  incus  articulate 
with  the  stirrup,  the  base 
of  which  is  turned  towards 
the  reader.  The  handle 
vibrates  with  the  meat 
brana  tympani  :  and  the 
vibrations  of  the  whole 
chain  take  place  round  the 
axis  of  rotation  AB.  Every 
time  C  comes  forwards  D  comes  forwards,  but  by  drawing  per- 
pendiculars from  C  and  D  to  the  axis  of  rotation,  it  is  found  that 
l>  is  alxmt  *  of  the  distance  from  the  axis  that  C  is.  So  in  the 
transmission  of  the  vibrations  from  membrane  to  membrane 
across  the  bony  chain,  the  amplitude  of  the  vibration  is  decreased 
by  alHuit  lt,  and  the  force  is  correspondingly  increased.  The 
final  movement  of  the  stapes  is,  however,  always  very  small;  it 
varies  from  ,\  to  less  than  Toooff  °f  a  millimetre. 

The  action  of  the  ttntor  tympani  by  pulling  in  the  handle  of 
the  malleus  increases  the  tension  of  the  membrana  tympani  It 
is  supplied  by  the  fifth  nerve.  It  is  opposed  by  the  strong 
external  ligament  of  the  malleus.  The  stapeilius  attached  to  the 
neck  of  the  sta]>cs  tilts  it  backwards.  lt  is  supplied  by  the 
seventh  nerve. 

We  have  ^till  to  consider  the  use  of  the  fenestra  rotunda ;  this 
is  clo>ed  by  a  membrane,  and  its  action  is  to  act  as  a  vent  for 
the  vibrations  of  the  j>erilymph.  The  next  very  simple  diagram 
(tig-  534)  w»ll  explain  how  this  happens. 

The  cochlea   is  supj>osed  to  be  uncoiled  :  the  scala  vestiboli 
**\>in  the  ieue&xrA  onv\\&,  \.c>  vV*a  vfttast  «sde  of  which  the 


Foot  of 
Stapes 


Iriagrammatic  view  of  ear  o—Jcka. 
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stapes  is  attached ;  the  scala  tympani  leads  to  the  fenestra 
rotunda ;  the  two  scalee  communicate  at  the  helicotrema,  and  are 
separated  from  the  canal  of  the  cochlea  by  the  basilar  membrane, 
and  the  membrane  of  Iteissner.  C.R.  is  the  canalis  reuniens 
leading  to  the  saccule.  The  two  scala*  contain  perilymph  ;  the 
canal  of  the  cochlea  contains  cndolymph  which  is  set  in  vibration 
by  the  perilymph  through  the  membranes.  Every  time  the 
membrane  of  the  oval  window'  is  bulged  in  by  the  stirrup,  the 
membrane  of  the  round  window  is  bulged  out,  and  vice  versd. 
If  there  were  no  vent  in  this  way  the  propagation  of  vibrations 
through  the  fluid  would  be  impossible. 

The  theories  in  connection  with  the  cochlea  are  two  in  number: 


F.Ooalls 
Stapes 


Scala   Vestibuli    (Perilymph) 

cam  6t  own/id  ttnammMi 


z.i 


Scala   Tympani   (Perilymph) 


Tfili 


icotrema 


F.  Rotunda 

Fig*  534.— Diagram  to  illustrate  the  use  of  the  fenestra  rotunda. 


one  is  Helmholtz,  piano  theory;  the  other  is  the  telephone  theory 
of  Rutherford  and  Waller. 

The  Piano  Theory. — If  one  sings  a  note  in  front  of  a  piano, 
the  string  of  the  piano  that  emits  that  note  will  take  up  the 
vibration  and  answer;  another  note  will  elicit  an  answer  from 
another  string.  It  was  supposed  by  Helmholtz  that  there  is  an 
analogous  arrangement  in  the  cochlea.  Different  parts  of  the 
organ  of  Corti  will  respond  to  different  notes  as  do  the  strings 
of  a  piano.  At  first  he  thought  it  was  the  rods  of  Corti  which 
acted  in  this  way,  but  when  it  was  shown  that  in  birds  there  are 
no  rods,  he  referred  it  to  the  different  fibres  of  the  basilar 
membrane.  This  is  supported  by  the  fact  that  this  membrane 
increases  in  breadth  from  below  upwards ;  low  notes  will  set  in 
sympathetic  vibration  the  long  fibres  of  the  upper  part,  and  high 
notes  the  short  fibres  of  the  lower  part  of  the  organ. 

These  responsive  vibrations  extend  to  the  hair-cells  resting 
on  these  particular  portions  of  the  membrane,  and  give  rise  to 
excitations  which,  conducted  along  the  nerve-fibres  to  the  brain, 
produce  different  auditory  sensations.  This  theory  therefore 
localises  the  analysis  of  sounds  in  the  cochlea.  The  meml/rana 
tectoria  acts  as  a  damping  mechanism. 

The  Telephone  Theory. — Just  as  in  a  telephone  one  msYiforaxvfc 
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vibrates  in  response  to  a  sound  but  at  different  rates  for  dlfl 
sounds,  so  in  this  theory  it  is  supposed  that  the  basilar  i 
vihrat.es  as  a  whole,  the  hair-cells  on   it  are  affected,   the  nerve 
impulse  travels  to  the  brain,  and  the  analysis  of  the  BOCtftd 

these    Ed  other  wards,  the  basilar  mem  hi  much  like 

the  ojemhranu  tympanL    "  It  is  the  interna]  drum-head,  rep 

tin-  complex  vibrations  of  the  raembraaa  tympaui,  and  vibrating 
in  its  entire  area  to  all  sounds — although  more  in  mmh  parts  than 
in  others — giving  what  we  may  designate  as  acoustic  pressure 
patterns  between  the  meinbrana  tectoria  and  the  subjacent 
of  hair-cells.  In  place  of  an  analysis  by  sympathetic  vibration 
Of  partii  ular  radial  fibres,  it  may  be  imagined  that  varying  com- 
binations of  sound  give  Varying  pressure  patterns,  comparable 
to  the  varying  retinal  images  of  external  objects."     (Wall 

The  Rau<!<   qf  hearing  is  more  ext  of  voice. 

Sounds  can  he  heard  that  are  produced  by  30  vibrations  per 
second,  up  to  those  caused  by  30,000  to  40,000  vih>. 
second  ;  and  in  thiy  range  as  many  as  6, 000  variations  of 
can  he  perceived,  or  about  twice  as  many  as  the  pairs  of  arches 
of  Cortl  Two  sounds  can  be  recognised  as  distinct  if  the  interval 
between  them  is  less  than  0*002  second  (Exner),  a  fact  that 
shows  us  the  perfection  of  the  damping  as  well  as  of  the  vibrating 
mechanism. 

The  distinction  between  musical  notes  is  not  equally  o) 
to  all  observers.  People  ditVera  good  deal  in  the  musical  element 
in  their  nature.  But  in  all  there  is  a  limit  to  the  po 
high-pitched  notes.  In  Walton's  whistle,  one  has  an  instrument 
by  which  the  rate  of  vibration  of  the  air  which  produces  the 
sound  can  be  increased  ;  it  gets  shriller  and  shriller,  and  at  lust 
when  the  vibration  frequency  exceeds  30,000  or  40,000,  the 
sound  becomes  inaudible.  Probably  many  animals  however,  are 
able  to  hear  much  higher  notes  than  we  can 

A  judgment,  by  the  sense  of  hearing  alone,  of  the  du 
which  a  sound  comes,  is  always  moftt  imperfect. 
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CHAPTER    LIV, 

VOICE    AKD    BPIXCfl 

The  fundamental  tones  of  the  voice  are  produced  by  the 
current  of  expired  air  oauaing  the  vibration  of  the  vocal  coeds, 
two  elastic  bands  contained  in  a  cartilaguiouB  boa  placed  at  t  liu 
top  of  the  wind-pipe  or  trachea.  This  bos  ia  called  the  ksrfius. 
The  fionndfl  produced  here  are  modified  by  other  parte  like  the 
tongue,  teeth,  and  lips,  as  will  be  explained  later  on. 

Anatomy  of  the  Larynx. 

The  cartilag-es  of  tin*  l;n  vnx  arv  the  thyrniil,  Mie  cricoid,  the  two  ary- 
teaoids.  These  we  the  most  Important  lot  volee  prodttctioo  \  Miry  are  ma*!-* 
of  hyaline  cartilage.  Then  there  m«  the  epiglottis,  two  roniicolar,  and  two 
cuneiform  cartilages.     I  made  of  jwam  ffbro-cartilage. 


«  iDt-u  nut, 
Coraii  rrmj .-.. 


i'orun  *u p. 


Eig,  ■  iii.«-(h\i    iik.  .1  . 

Curt,  rrifuiMwi  — 

KJg,  cttao-tri  b  ■  — 

I  tort,  ttttfe 


Strati  ^oMtuti 


.  'J  hyiii-hyMM!'-ii'». 


.  r,i.  CHro-thymldi  "i». 


If  •  5<ls.~The  larynx,  (m  Been  from  the  front,  showing the  cartilage*  and  llffiunpnt*.    The 
muscles,  with  the  exception  of  one  crico- thyroid,  are  tut  oil  short,      Stuerk,) 


Ibi  tkvnrid  cartilage  (fig.  536,  1  to  4)  does  not  form  a  complete  ring 
around  the  larynx,  hut  only  eOT€Ti  the  Eroul  portion.  It  Emuu  the  pi"- 
Pfineqce  in  front  of  the  tht'nnt   known  us  Adam'.-  jipphv     («)  Tin*  ait'tntl 

eartH  J36,  5,  6),  on  the  other  hand,  is  a  complete  ring;  the  bark 

part  of  the  rSg  b  muHi  broader  than  the  front.    <>n  the  top  ol  IMe 
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foi,  or 


Lex*,!  f  tlu>  crieo 

n  a  joint  with  ijnof lal  mcmbr 
takmbly  Cm  motion 
can  move  on  the  eric*  i 


Jt?h  the  mry 

i  all  it 


fnmi   the   /mot.       t    (04,  IhyTuid  fKtmn; 


r.  5j6.— <  anilagi-ft  of  the  larynx 
1,  vertical  ridge  or  pomum  Adami  j   a,  right  ula  ;    p,  superior,  and  4, 
of  the  riglit  aide- ;  5,  b,  cricoid  cartilage;  5.  tn*)de  of  the  posterior  part;   I,  mtmm 
narrow  part  of  the  ring ;  7,  arytenoid  cartalagt*.      .-.  |. 

Il.<    corafottfiff  ran  ipc  perched  01  Ik 

top  of  the  arytenoid*  ;  Bn  r  cartilages*  of  v 

it    lu  b  fold  "f  in  ii"  >  •  rwic  ;  the  epiglottis   looks  like  a  I 

whole  (ty.  537), 


lig.  ATv-epiglott ... 


(art.  Wriabergii. 

(>Ut.  HftMk 
mtUH'ul 
Ltg,  rrk-o-orytan---* 

ran  infer.-,- 


fig.  sj?»— The  larynx  a*  teen  from  bt 
*ud  ligatneai 


)   t  h  r  cgiartkprt 
uul  also  h  •  norm]  membranes  raww* 

of   il«'  :t  them,   j 

tlmt  can    wfoWfc.   wvtlvvu  a  certain   ran £i% 
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passing  transversely  through  the  two  joints  at  which  the  cricoid  is  clasped. 
The  vocal  cords  are  attached  behind  to  the  front  portion  of  the  base 
(vocal  process)  of  the  arytenoid  cartilages,  and  in  front  to  the  re-entering 
angle  at  the  back  of  the  thyroid  ;  it  is  evident,  therefore,  that  all  move- 
ments <>f  cither  of  these  cartilages  in ust  produce  an  effect  on  them  of 
some  kind  or  other.  Inasmuch,  too,  as  the  arytenoid  cartilages  rest  on 
the  top  of  thr  back  |M»rtion  of  the  cricoid  cartilage,  and  are  connected 
with  it  by  capsular  and  other  ligaments,  all  movements  of  the  cricoid 
cartilage  must  move  the  arytenoid  cartilages,  and  also  produce  an  effect  on 
the  vocal  con  Is. 

Match's. — The  muscles  of  the  larynx  are  divided  into  intrinsic  and  extrinsic. 
The  intrinsic  are  named  from  their  attachments  to  the  various  cartilages ; 
the  extrinsic  are  those  which  connect  the  larynx  to  other  parts  like  the 
hyoid  bone. 

The  attachments  and  the  action  of  the  intrinsic  muscles  are  given  in  the 
following  table.    All  the  muscles  are  in  pail's  except  the  arytenoideus. 


Table  of  the  several  Groups  of  the  Intrinsic  Muscles  of  the 
Larynx  and  their  Attachments. 


Group. 


1      i- 

Abductors. 


MrscLE.  Attachments. 


C'rico-aryte-  ,A  pair  of  muscles.    Kach  arises 

noidei  pos-      from  the  posterior  surface  of 

tici.  the  corresponding  half  of  the 

cricoid  cartilage.     From  this 

depression  the  fibres  converge 

upwards  and  outwards  to  be 

inserted  into  the  outer  angle 

of  the  base  of  the  arytenoid 

1    cartilage    behind    the   crico- 

1    arytenoideus  lateralis. 


Action. 


They  draw  in- 
wards and  back- 
wards the  outer 
angle  of  aryte- 
noid cartilages, 
and  so  rotate 
outwards  the 
processus  voca- 
lis  and  widen 
the  glottis. 


II.  and  III. 

Adductors  \  Thyro  -  ary  - 
and         '    epiglottici. 
Sphincters. . 


A  pair  of  muscles.  Flat  and 
narrow,  which  arise  on  either 
side  from  the  processus  mus- 
cularis  of  the  arytenoid  carti- 
lage, then  passing  upwards 
and  inwards  cross  one  another 
in  the  middle  line  to  be  in- 
serted into  the  upper  half  of 
the  lateral  border  of  the  oppo- 
site arytenoid  cartilage  and 
the  posterior  border  of  the 
cartilage  of  »Santorini.  The 
lower  fibres  run  forwards  and 
downwards  to  be  inserted  into 
the  thyroid  cartilage  near  the 
commissure.  The  fibres  at- 
tached to  the  cartilage  of  San- 
tori  ni  are  continued  forwards 
and  upwards  into  the  ary-epi- 
glottic  fold. 


They  help  to  nar- 
row or  close  the 
rima  glottidis, 
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uv 


Gaol 

II.  and  Ill- 
Adductors 

and 
Sphincters 


Vli  -11 


nokle- 


Thy in u 
tiohlei 


noki 


ton* 

tnihc  boftlers«of  rbc 

ilUtibifrs.    lis    lililr- 

hnri/oritnlh  l»etween  r In    rwo 


L     tlir 


.if     tin 


A     pair     of     muscles,       1 
may  be  farther  divided  into 

two    hiyi  i  I   ex- 

iil.     The  brei 

lll'br     Bide      hi     -Silt'      r  I  nil  i 

lower  half  of  the  inti 
face  «»f  tin-  thyroid  rnrti] 
dote  tot  in-  angle,  ami  fr*  >m  t  he 
fibrous  expansion  of  the  crioo- 
thyroid    iiiembraiic,  ami  arc 
Inserted  into  the  Lateral  border 
of  the  arytenoid  cartilage.  The 
Inner  fibres  run  hoi  isonti 
to  be  attached  tu  the  tower 
hall  of  ihi<  border,  and  the 
T  fib  res  \  mm  o  hi  ran  e !  y  o  n  t  - 
wan  Is  to  U*  inserted  info  the 
upper  half,  *  h 
hi  the  oartilai  iberg 

and  » hi'  arj  -epiglottic  fold. 

Ihe  internal  nbres  arise  lnt«i 
ually  t*1  tlmst*  josi  desci 
find  miming  parallel  to  :in*l  In 
ihe  Bubstanoeof  the  rooa]  oord 
are  ;,i  cached  pontes  "i  h  to  the 

|.N'<"| 

whole  length  and  bo  the  itdja- 

cent  part  of  tb « 

of  ilw  arytenoid  i 


:i 

cartilage*    and 
apui 

angles  or  meal 


A  pair  of  mu  I  ': 


on  cii  hi  r  -  ilc  from  On-  mid 
third  of  the  upper  border  ol 

the  cricoid  cartilage  and  are 
inserted  into  I  mie- 

]  ioi  margin  of  i  he  base  <•!  the 

arytet I  S    • 

their  fibres  join  the  h.- 


vocal 
let  by  >lm< 

- 
Js  and 

testis  Torn* 
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IV. Tensor*,  Crico-thyroi- 
del. 


A  pair  of  fan-a±Uiped  muscles 
attached  on  cither  side  to  the 
cricoid  cartilage  below,  ftom 
the  medal  Him  in  EraM  Eoi 
nearly  one  half  of  its  lateral 
circumference  backwards :  the 
fibres  pass  upwards  and  out- 
wards to  be  attached  to  the 
lower  border  of  the  thyroid 
cartilage  ami  to  the  html 
boidi  swer  cormi. 


I 

The  thyroid 
)age  being  llxed 
inak 
masoles,  the 
Iron  1  1  d  1 1 
cold  cartilage  ii 
drawn  upward^ 
and  its  back, 
with  the  aryte- 
Dcridaatteoaed, 
is  drawn  down. 
Hence  the  vocal 
cords  are  elon- 
gated aiii.M 
posteriori/  wad 
put  upon  the 
stretch.  Pa- 
raly 

muscles  causes 
an  inability  to 
pVtidMM      high 


lig.  ary-«pigk*t 


1 1    "Wrinberjr 
(art,  Stinturini 

Ifptejb  1 .1  -1 »-  p  j  . 
rrim-tuytrariid .  r 

Ognm  inferior  ... 


Fan*  po-t.  inf.  iiinubjuni 

Pan* 


Ff|j.  5j8»— The  larynx  as  seen  fnim  behind.    To  shun  the 
intrinsic  tu  uncle*  po*tetiv  H  f .    ( Btottfe . ) 


Nertr  Strath/.—  The 
larynx  issupplied  by  two 
h ranches  of  the  vagus; 
the  jrw/>»  'Wr»r  ht  t^itt/rnt  is 
thr  pt'ii^iy  nerve  ;  by  ils 
•tutt    branch,    how- 

1  tUppUfl -  inns- 

i<amely    the    CfifiO- 
1  iiyi uid.    The  rest  of  the 

MiuM.'!-  are  rapplled  by 

l  he  iJt/rt'tfr  hti'tjtajiiii 
m  rt#,  the  fibres  of  which, 
li'UVrviT,  CQtC£  from  the 
spinal  wlii W'l'tHinj^.  mil  the 

TEffUfl  pKH 

Mucitu*    uu m  hrtttt4\ — 

The  larynx  ii  lined  with 

ii  tnacous  membr&ni &• 

ti  minus  with  that  ut  the 
trachea ;  thle  Is  coreTed 
with  Ciliated  epithe- 
lium except  over  the 
vocal  cords  and  epiglot- 
tis,  where  it  is  strati- 
fied, The  vocal  cords 
arc     ttucYetwaV    Yiwsfta 
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tissue  in  this  mucous  membrane  w]  U  a* 

nl  ready  described.     The  chink  between    them   is  called   the  rima  ffsfJ 

fig.  539).     Two    ridgCfl  of    Ennooni    mombrane   above   and    i>araU<  1   in 
these  are  called  the  falw  tooal  turds;  betwi  .ml  false  vocal 

ride  is  a  recast  called  the  wntrioUi  and  ft  Is  in  the  mo 
membrane  here  thai  the  cuneiform  cartilages  arc  imbedded. 

The  laryngoscope  is  an  inatrumenl  employed  m 
life  the  condition  of  the  pharynx,  larynx,  and  trachea,     I 
concave  mirror  uitii  perforated  centre,  and  ol 


T.CM. 


Fit?  "i  iq— Vertical  wetion  through  the  1*r>  uxt  pmaaag  from  side  to  aide,  Hf  hrold  boa*  ; 
f ,  thyroid  cartuajre  ;  T.C.M.,  tbyro-enroid  twtnbrati*  ;  C,  Cricoid  lYtrtiUgr  ;  Tr,  fix* 
ring  of  trachea  ;  T.A.,  thyro-Ary Unoid  musde  j  R.Ci.,,  rim*  glottidUi ;  V.C>,  roc&l  card  ; 
V,  ventricle ;  F.V,C\,  fal&a  vocal  cord.    (After  Ansa  Thomson.  | 


loEJir  handle.     It  is  thus  used  :  the  patient  ti  placed  in  a  chair,  a  good  light 
(nrgand  burner,  or  electric  lamp)  is  arranged  00  one  side  of,  and  a  little  ahoTe 
i      I  he  operator  fixe**  t  he  Large  m  1 1  n  1  round  I  ill  head  in  such  a  manner, 
ihnt  he  looks  through  the  central  aperture  with  cue  eye.    H»- 

■  -itc  the  patient,  and  be  position 

11  i'ii   this  purpose  provided  with  r  ball-and-socket  joint,  that  i  i«'ini  of 
|jghl  Es  u-\\vi  h  d  mi  the  lip>  of  the  patient. 

The  patient  is  now  directed  to  throw  his  head  slightly  backwa] 
Open  his  mouth;  the  reflection  from  the  mirror  lights  up  the  cnvltjof  ttw 
month, and  bj  n  little  alteration  of  the  distance  'n<-  operat 

tient  the  point  at  which  tl  rt  amount  ol 

the  minor — in  other   words,  its  fncnl   length— la  ran 
hinatl  n  il  in  the  handle  is  then  warmed,  eithei   hy 

the  Lamp,  w  by  putting  11  into  a  teasel  ■  *f  warm  water  ;  this  i*  noosai 
pre  rent  the  coiuienaaUon  ol  breath  upon  its  .surface.    The  degree  nf  hnat  i» 
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regnlatod  by  applying  the  bad  of  the  minor  to  the  hand  orcbeei^  when  it 
should  Feel  warm  aritEonl  being  painful. 

After   these  pivlluiiiiaiirs    the   patient    i-  flnv.-rrJ   bo   pm    "ill    oil    1. 

which  is  bttU  by  the  left  hand  gently  but  tirmlv  Bgalnsl  the  lower  teeth  by 
means  of  a  handkerchief.  The  warm  mirror  is  pawed  to  Um  bach  of  Hit' 
tnninli,  until  it   rests  npoo  and  slightly  raists  the  bite  "f  tin*  uvula,  and  at 

the  hum  time  the  light  la  directed  upon  it  ■.  en  Inverted   fmegf  of  the 

larynx  and  trachea  will  he  seen  in  the  mirror.     If  the  dorsum  of  the  I 

i*  alone  seen,  the  handle  of  Ihe  mirror  antBl   be  slightly  lowered  uniil  the 

larynx  comes  Into  view;  cure  should  be  taken,  however,  not  to  move  the 


Fig.  540.— The  part*  of  the  Laryngcwru]*?, 


mirror  upon  the  uvula,  as  it  excites  retching.    The  obterrmtioo  s-huuhl  not 
be  prolonged,  but  should  rather  he  repeated  at  short  interval*. 
The  structures  seen  will  vary  somewhal  according  to  the  condition  of  the 

parte  as  to  inspiration,  expiration,  phomitiou,  fee ;  they  are  (%.  542)  lir-t. 
and  apparently  at  the  po-aerim-  part,  the  Mai  f/  t*S  tontjur.  Immediately 
below  which  1a  the  arcuate  outline  of  the  wwfwtftfr,  with  its  cushion  01* 
lulrercle.     Then  are  seen  in  the  central  lim-  t]  tfttl  wrtfjt,  white  and 

ablrj&ng  in  their  normal  condition.  The  oorda  ^proximate  (id  the  inrerted 
ima^e)  posteriorly  ;  between  them  is  left  a  chink,  narrow  whilst  a  high  note 
1-  being  rang,  wide  daring  n  deep  inspiration,    iin  each  aide  of  the  true 

il  i-onk  ami  oti  a  higher  level,  are  1  fie  pitik/tfliJ  rOMlfiffrd*.     Still  n 

i  nail  v  than  the  false  vocal  cords  i>  the  a>  ffttno-t  fmjlttttuhuut  MdT  in 
frhich  atb  -hunted  upon  each  sidi  three  small  elevations  ;  ol  these  the  moat 
external  is  the  eartitagi  of  Wrisher$%  the  intermediate  is  the  6&ttUa§\ 

whilst    the   -uimnii    ol    fhe  ttnjtnwUI  curtUaft  ta   in   front,  .md 
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somewhat  Iwlow  the  preceding,  being  only  aeeu  during  deep  inspiration. 
The  ring*  of  the  trachea,  and  even  the  bifurcation  of  the  trachea  itself,  if  the 
patient  be  directed  to  draw  a  deep  breath,  may  be  seen  in  the  intern] 
between  the  true  vocal  cords. 


Fig.  s  1 1.—  To  show  the  potation  of  the  operator  and  patient  when  using  the  iAryngwxip. 


Movements  of  the  Vocal  Cords. 

In  Re*] ri ration. — The  position  of  the  vocal  cords  in  ordinary 
tranquil  breathing  is  so  adapted  by  the  muscles,  that  the  opening 
of  the  glottis  is  wide  and  triangular  (fig.  542,  b).  For  all  practical 
purposes,  the  glottis  remains  unaltered  during  ordinary  quiet 
breathing,  though  in  a  small  proportion  of  people  it  becomes  a 
little  wider  at  each  inspiration,  and  a  little  narrower  at  each 
expiration.  In  the  cadaveric  position  the  glottis  has  about  half 
the  width  it  has  during  ordinary  breathing  ;  during  life,  there- 
fore, except  during  vocalisation,  the  abductors  of  the  vocal  cords 
are  in  constant  action.  (F.  Semou,)  On  making  a  rapid  and 
deep  inspiration  the  opening  of  the  glottis  is  widely  dilated 
(fig.  542,  c),  and  somewhat  lozenge-shaped. 

In  VoniH nation. — At  the  moment  of  the  emission  of  a  note, 
the  chink  is  narrowed,  the  margins  of  the  arytenoid  cartilages 
being  brought  into  contact  and  the  edges  of  the  vocal  cord* 
approximated  and  made  parallel ;  at  the  same  time  their  tension 
is  much  increased.  The  higher  the  note  produced,  the  tenser  do 
the  cords  become  (fig.  542,  a)  ;  and  the  range  of  a  voice  depends, 
in  the  main,  on  the  extent  to  which  the  degree  of  tension  of  the 
vocal  cords  can  be  thus  altered.  In  the  production  of  a  high 
note  the  vocal  cords  are  brought  well  within  sight,  so  as  to  be 
plainly  visible  with  the  help  of  the  laryngoscope.  In  the  utter- 
ance of  low-pitched  touti^,  v>\\  \\\^  ^W  taxuLt  the  epiglottis  is 
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(Impressed  ami  hmnL'ht  over  them,  mi  r lie  arytenoid  curtilages 
bok  ifl  it  the j  were  trying  to  hide  themselves  under  it  (fig.  543). 
The  epiglottis,  by  being  BOtnewhftt  praaaod  down  10  as  to  rover 


Fig.  543,— Three  laryTagoacopie  views  of  the  superior  aperture  of  the  larynx  and  Mummnd- 
ing  part*.  A,  the  glotti*  during  Ibt  emission  of  a  high  note  in  running  ;  B,  In  eaay  and 
quiet  inhulsitinti  of  ttir;  <\  in  the  *Ute  of  widewt  pomsible  dilatation,  a*  in  inhaling  a 
very  deep  breath.  The  diagram*  Art  B,and  C,  *how  in  horizontal  nottooi  of  UK 
glottin  tin?  position  of  the  vocal  cord*  itnd  arytenoid  cartilage*  in  the  three  wveral 
atatea  represented  in  the  other  ogure*.  In  all  the  figure*  *o  far  a*  marked,  the  Ifttsn 
indicate  the  parte  an  follows,  viz.  :  Jt  the  ha*e  of  the  tongue  ;  t,  thr  upper  free  part  of 
tie  egriglottii .  -'.  the  tubereb  oc  eu«lmm  of  the  epiglottic;  pht  part  of  the  anterior 
wall  of  the  pharynx  behind  the  larynx;  in  the  margin  of  the  arrtaoo  €jrfg!ottfflMB 
fold,  u\  the  n  welling  of  the  mi  I  ■  <1  by  the  cartilage*  of  Wri*berg  ;  §,  that  of 

the  cartilage*  of  Sun  tori  ni ;,    *t  the  tip  or  Hitiumit  of  Chi 

true  vocal  cord*  or  lip*  of  the  rima  glottidi*  ;  t  »  t,  tike  superior  or  falae  TOeal  b 

between  them  the  VflQtffaU  04  the  lurynx  |  in  Q  tr  i*  placed  on  the  anterior  wall  DJ  tilt 
receding  trachea,  and  b  indii  i1  timriMlwlilWli  ol  Ehe  two  bronchi  beyond  tbfl 

nMOB   which   may   be  brought  into  yfsw  in   thin.  state  of  extreme  ddatation, 
(Quain,  after  Cxermak} 

the   superior  cavity  of   thr    larynx,   ierves    to    render  the   notes 
doOpOT  in  tone  and  at  the  saint'  time  somewhat  duller. 

The  degree  of  approximation  of  the  focal  oovde  also  usually 

eorres|*mds  with  the  height  of  the  note  produced;  hut  the  width 
i«f  tbt  eperture  has  no  eeaenti&1  influence  on  the  height  of  the 

iKde,   as  lon^  as  the  vocal   cords  have  the  same  tension:    Only 
with  a  wide  aperture  the   tnue   is  more  difficult   to  uv<tduce  aud 
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ii,«-  raaMng  oi  the  air  through 
heard  at  the  same  iiiin 

No  true  vocal  mind  is  produced  at  the  posterior  part  of  the 
aperture  of  the  glottis,  that)  vi/.«,  which  i^  formed  by  lbs  space 
between  the  arytenoid  nun  I 

The  Voice* 
The  human  musical  instrument  is  often  compared  to  ■ 
organ-pipe:  certainly  the  no  tea  produced  hy  such  pipei  in  the 

tttt  hittitftfttt  stop  of  organs  is  very  like  the  human  vm 

tli  ere  is  not  only  the  vi  la*?  it  ion  of  a  column  of  air,  but  ala 

reed,    which    corresponds   to  the    vocal  cords   in   the  air-eh 

composed    of   the    trachea    and 

the  hronchial  system  beneath  it,  • 

The  pharynx,  mouth,  and  nasal 
cavities  above  the  glottis  are 
resonating  cavities,  which  by 
alterations   in   their  shape  and 

size,    arc    able    bo    pick    out    and 

emphasize  certain  component 
parte  of  the  fundamental  tones 
produced    in   the   larynx,     The 

itali mil   VOtCO   is   Often   called   the 

chat  voice*  The  faUetto  uoict  is 
differently  explained  by  different 

observers;  on  laryngoscopic  exa 

initiation,   the  glottis  is  found  to  be   widely  open,  ho  that 

IS  all  absence  of   chest   resonance  \   some   have   supposed    that    the 

attachment    of    the    thyroarytenoid    muscle    to   the    vocal   cord 

renders  it  capable  of  acting   like   the   finger  -«n   B    \  iolin   string, 

pari  oi  the  eord  being  allowed  to  vibrate  while  the  rest  is  held 

still.     Such  a  shortening  of  a  vibrating  string  would  produce  a 

higher  pitched  note  than  is  natural. 

Itusica]  SOUndfl  differ  from  one  another  in  three  ways  j — 
i.  In  pitch.  This  depends  on  the  rate  of  vibration  ;  and  in 
the  ease  of  a  string,  the  pitch  increases  with  the  tensicKi,  and 
diminishes  with  the  length  of  the  string  The  vocal  OOttfa 
woman  are  shorter  than  those  of  a  man,  hence  the  higher  pitched 
voice  of  women.  The  average  length  of  the  female  cord  is  *  1*5 
millimetres;  this  can  he  stretched  to  14;  the  male  con!  an 
;  and  can  he  stretched  to  ro"5  millimetres, 

2.    In  lo\idn**i. — This  depends  on  the  amplitude  of   the  vihrs* 
tioiis,  and  is  increased  b\  the  force  of  the  expiratory  blasl 
m  fs  tin1  colds  in  motUKL 


Fi#.  54 .1.— View  of  the  upper  put  ..f  Uw 
larynx  o#*eeti by me»n» of  theUniv. 
ROftoope  durintr  the  utterance  of  * 
boas  note.  a  epiglotti*,  «f  tubercle* 
of  the  cartilage*  of  Sainton: 
arytenoid  oartuagv* ;  t,  ba*e  of 
,  the  posterior  wall  of 
pharynx,     riormak.) 
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3.  In  "  timbrel — This  is  the  difference  of  character  which 
distinguishes  one  voice,  or  one  musical  instrument,  from  another. 
It  is  due  to  admixture  of  the  primary  vibrations  with  secondary 
vibrations  or  overtones.  If  one  takes  a  tracing  of  a  tuning-fork 
on  a  revolving  cylinder,  it  writes  a  simple  series  of  up  and  down 
waves  corresponding  in  rate  to  the  note  of  the  fork.  Other 
musical  instruments  do  not  lend  themselves  to  this  form  of 
graphic  record,  but  their  vibrations  can  be  rendered  visible  by 
allowing  them  to  act  on  a  small  sensitive  gas-flame  ;  this  bobs 
up  and  down,  and  if  the  reflection  of  this  flame  is  allowed  to  fall 


Fig.  54  \.— Kunig's  apparatus  for  obtaining  flame  pictures  of  musical  notes. 


on  a  series  of  mirrors,  the  top  of  the  continuous  image  formed  is 
seen  to  present  waves.  The  mirrors  are  usually  arranged  on  the 
four  lateral  sides  of  a  cube  which  is  rapidly  rotated.  If  one 
sings  a  note  on  to  the  membrane  in  the  side  of  the  gas-chamber 
with  which  the  flame  is  in  connection,  the  waves  seen  are  not 
simple  up  and  down  ones,  but  the  primary  large  waves  are  com- 
plicated by  smaller  ones  on  their  surface,  at  twice,  thrice,  <fec., 
the  rate  of  the  primary  vibration.  The  richer  a  voice,  the  richer 
the  sound  of  a  musical  instrument,  the  more  numerous  are  these 
overtones  or  harmonics. 

The  range  of  the  voice  is  seldom,  except  in  celebrated  singers, 
more  than  two-and-a-half  octaves,  and  for  different  voices  this  is 
in  different  parts  of  the  musical  scale. 

Although    the   voice  ia   usually   produced   \>y    tW   e^vvnvXwrj 
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blast,  by  practice  one  can  employ  the  inspiratory  blast ;  this  con- 
stitutes the  form  of  speech  known  as  ventriloquism.  The  Yoict 
does  not  appear  to  come  out  of  the  speaker's  mouth ;  and  u 
we  never  readily  distinguish  the  direction  in  which  the  sounds 
n.-ach  our  ear,  the  ventriloquist,  by  directing  the  atteution  of  the 
audience  to  various  parts  of  the  room,  is  able  to  make  thea 
inngine  the  voice  is  proceeding  from  those  parts. 


Speech. 

This  is  due  to  the  modification  produced  in  the  fundamental 
laryngeal  notes,  by  the  resonating  cavities  above  the  vocal  conk 
By  modifying  the  size  and  shape  of  the  pharynx,  mouth,  and  nose, 
certain  overtones  or  harmonics  are  picked  out  and  exaggerated; 
this  gives  us  the  vowel  sounds ;  the  consonants  are  produced  by 
interruptions,  more  or  less  complete,  of  the  outflowing  air  in 
different  situations.  The  soft  palate  is  raised  at  each  word. 
When  the  larynx  is  passive,  and  the  resonating  cavities  alone 
come  into  play,  then  wTe  get  whispering. 

The  pitch  of  the  Vowels  has  been  estimated  musically  ;  v  has  the  love* 
pitch,  then  n,  a  (as  in  father),  a  (as  in  cane),  *.  and  e.  We  may  give  a  few 
examples  of  the  shape  of  the  resonating  cavities  in  pronouncing  tots 
Hounds,  and  producing  their  characteristic  timbre:  when  sounding  «  (ia 
father)  the  mouth  has  the  shape  of  a  funnel  wide  in  front;  the  toopt 
lies  on  the  Moor  of  the  mouth  ;  the  lips  are  wide  open  ;  the  soft  palate  if 
moderately  and  the  larynx  slightly  raised. 

In  pronouncing  n  (w).  the  cavity  of  the  mouth  is  shaped  like  a  cajacioQ! 
flask  with  a  short  narrow  neck.  The  whole  resonating  cavity  i*  thea 
longest,  the  lips  being  protruded  as  far  as  possible  ;  the  larynx  isdeprawd 
and  the  root  of  the  tongue  approaches  the  fauces. 

In  pronouncing  »,  the  neck  of  the  flask  is  shorter  and  wider,  the  li|*  boa* 
nearer  the  teeth  ;  the  larynx  is  slightly  higher  than  in  sounding  00. 

In  pronouncing  t\  the  flask  is  a  small  one  with  a  long  narrow  neck  Ik 
resonating  chamber  is  then  shortest  as  the  larynx  is  raised  as  much  it 
possible,  and  the  mouth  is  Iwunded  by  the  teeth,  the  lips  b?ing  retractal: 
the  approach  of  the  tongue  near  the  hard  palate  makes  the  long  necktf 
the  Mask. 

The  Consonants  are  produced  by  a  more  or  less  complete  closure  of 
certain  doors  on  the  course  of  the  outgoing  blast.  If  the  closure  is  com- 
plete and  the  blast  suddenly  opens  the  door,  the  result  is  an  explw*; 
if  the  door  is  partly  closed,  and  the  air  rushes  with  a  hiss  through  it, 
the  result  is  an  tutphuite ;  if  the  door  is  nearly  closed  and  its  margin*  aw 
thrown  into  vibration,  the  result  is  a  ribratire  ;  if  the  mouth  is  closed, 
and  the  sound  has  to  find  its  way  out   through   the  nose,  the  result  is  1 

These  doors  are  four  in  number;   Briicke  called  them  the  ariienhtm 

position*.      They  are  — 

1.  Between  the  lips. 

2.  Between  the  tongue  and  hard  palate. 

3.  Between  the  tongue  and  soft  palate. 

4.  WeWveeu  \\\vi  \wa\  c\yc\\s. 
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following  table  clarities  the,  principal  coiioonanl*  accordini;  lo  this 
ticu  latum 


Explosives.  Aapil 

II.  P.        ...       F,  V,  W.       , 

2         ...       T.  a       ...s.z.L.srh.  Hr 

j  K.li I.  < Mi. 

4  — 


Vlbral  Ivee*  mints. 

If. 
B 

„         |*alnt»L   a.        ...tttlfttal    N. 

..Rof  lower  Haxon,,.       — 


Defects  of  Speech. 

speech  is  titi  action  confined  bo  man  ;  experiment*  on  animals  nee  therefore 

applicable  ;  tarn  our  knowledge  of  the  nervous  mechanism  -f  -| h 

depends  on  deductions  drawn   fnmi   tin.*  clinical  and  path*-" 
idy  of  «li»>  .i  -■  . 

h   may  be  absent  in  certain   Com  "f  Inna-'v.  sad  tmmpQArily   In 
that  defect  of  will  called  htftitri*. 

It  mny  be  absent  nwin-j  to  congenital  defects.  Children  born  deal  are 
rlutub  ftkt.      This  is  because  W«   think   with    remembered   sound*,  and   in 

a  person  imni  deaf  the  auditory  centres  ate  Revet  set  into  activity.  By 
educating  the  child  by  the  visual  Inlet,  ll  can  be  taught  bo  think  with  tin 

remembered  shapes  of  the  mouth  ami  MpiqsafirsiS  of  the  face  produced  in 
the  net  of  sneaking,  and  an  can  itself  ■$***  in  time. 

If  a  child  beoomei  deal  before  it  is  six  or  seven  years  old,  there  is  a 
liability  it  will  forget  the  speech  it  has  learnt,  ami  so  become  dumb. 

In  congenital  hemiplegia  there  may  be  speech  less ne^s,  especially  if  the 
injury  is  due  to  meningeal  hannorrhage  allecttng  the  gJOT  cortei  of  the  L i  J i 

hemisphere.     These  children   ^ciiemlh   talk   late,  the  H-jht  -,nlc  of  the  brain 

taking  on  the  function  of  the  loft. 

Disorders  of  speech  and  voice  occur  bom  affections  ••»  tbt  larynx,  and  of 

the  nerve-  which  supply  the  larynx.     Stammering  in  a  waul  of  cn-oidinutinu 

between  the  various  muscles  sntplojcd  m  the  ad  of  iposlting 
Perhaps  t he  most  interesting  of  toe  disorders  -<\  speech, however,  era  Ibote 

dne  to  brain  diarinan  in  adults.     These  fall  into  three  ptinehpa]  cat  up  tries  •  - 

1.  Aphrmitt, — A  difficulty  »»r  inability  to  utter  or  articulate  words.  It  is 
often  BjMMJl  ll  led  with  difficult?  of  swallowing,  and  occurs  in  lesions  of  the 
base  of  the  brain,  especially  of  DOM  and  bulk  The  blurring  of  speech 
noticed  in  mod  Cases  of  apoplexy  may  also  l>e  included  uu<l>  i  rhis  head. 

2.  Aph&M&M. — Th  mii]  lex   condition  in  which  the  will  to  speak 
exists,  and  also  the  ability  to  speak,  Knit   the  ci.nneetii.n   between  the  two 
is  broken  down-      When    the   patient    sjkeaks,  the  words   which    he   ui 
are  well   pronounced,  but  are  not    those  he  Wishes  b«  utter.     This  is  often 

associated  with  Agraphw ^  a  similar  condition  in  respect  to  writing*    It  [a 

the  form  of  disordered  speecb  snsociatcri  with  diaorgamsatiuii  of  Hroea's 
convolution. 

3.  Amnesia. — This  term  includes  a  large  class  of  cases  in  which  the  main 
symptom  1-  loss  of  memory  for  words,  or  a  defect  of  the  nsmtMiatlon  uf  iiieas 
of  things  with  Ideas  of  wonts,  not  uh  in  aphasia  with  ideas  of  verbal  action. 

Amri  -1H- luted   with   lesions  of  the  intellectual,  *•#♦,  the  sjimorj 

centres  of  the  OOttfiS  behind  the  Icilandie  area.  We  have  seen  that  in  this 
region  of  the  brain  there  are  tWO  import  am  centres,  the  visual  ;unl  the 
auditory,  and  the  purls  of  these  which  ate  associated  with  words  may  be 
called  the  ehttnl  word-re  uf*'?  and  the  auditory  SPSrsT  g— fltf.  They  have 
not,  however,  l»een  anatomically  localised.  In  anmesin.  either  these  centres 
tbemsehrea,  or  the  tracts  thai  CfWinflOt  themT  are  diseased  or  broken  down. 

With  regard  to  the  auditory  word-centre,  impressions  for  the  muiiuIs  of 
WOTdl  are  revival  hi  Ottfl  of  three  ways  : — 

*\  spontaneous  uv  volitional ;  owing  to  accumulated  tmees  wh(Ch  l  institute 

memory,  -  man  when  hi  Rants  to  oxpress  his  thoughts  m  jtejtta  mujui3 
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i he  sound*  1 1  is  aeKjessai 

convolution),  thence  t«*  the  nerve-centres,  n< 

mouth,  ehest,  &&,  mul  the  DIM)  BOOa! 

ft,  Iii  slight  'i  seasi   ol  the  auditory  word-oeuti 
but  if  hie  mind  is  ict  into  a  certain  groove  i 

alphabet  cm:  i  well-known  pi©  e  of  poetry  be  started  tor  hiin  be  will  lim-h 
it  by  himself. 

r,  Mhnetta.    in  more  severe  cases,  ■  more  powerful  stimulus  still  Ei 
needed     tie  will   repent  any  words  after  another  perron,  but    f 
immediately  afterwsrda 

With  regard  to  the  visual  word-centre  as  tested  by  writing,  th" 
three  ways  of  reviving  Impressions  Poi  written  words  01  h 
spontaneous*  or  normal 

thought  meal  tot  be  set  going]  as,  for  Ins 
printed  words  into  written  diameters. 

Miint'tii' ;  be  can  only  write  bom  i  com 

Two  operations  require  the  combined  activity  ol  both  centres 
ol  these  m  raiding  aloud,  the  second  is  writing  from  dictation. 

in  reading  aloud,  the  impression  <>f  the  worth  enters  b)  the 

l-centre,  travels  across  to  the  auditory  word-centre,  where 
the  sounds  ol  the  words  arc  revived  and  the  person  pronounces  them. 

Writing  from  dictation  la  just  the  opposite;  then  the  iuij  <f  ibu 

winds  cuter  by  the  ears,  reach  the  auditory  wx  travel  m 

the  visual  word-centre,  where  the  ihanea  of  the  worda  sic  revived  end  the 
person  writes  them. 

In  tin-  Investigation  of  anyenasof  this  kind  there  are  alwa 
>i.\  things  to  be  inquired  Into  :  — 

i.  Can  the  patient  understand  Bpokeu  words!     (The  pattern 
iiui  being  deaf.      If  be  cannot,  the  auditory  word-ceutn 

2.  Can  lie  repeal  wonls  when  requested  !    This  tests  tin 

from  the  auditory  word-centre  which  pass  through  the  motor-centits  rot 
speech  In  Brocas  convolution,  li  be  cannol  do  this,  the  patient  hits 
aphasia. 

3.  Can  be  write  from  dictation f    11  he  oertnot,  either  the  and! 
risnaj  srord-oflntre,  or  the  fibres  passing  from  the  one  to  tin   other,  are 
Injured, 

4.  Does  he  understand  printed   matter,  and  can  he  pe  printed 
letters  and  words?    Can  he  rind  to  himself?      lie 

being  blind      This  tests  the  visual  word-centre. 

5.  Can  he  copy  written  words?    Thfat  tests  the  channels  from  fa 
word-centre  to  1  lie  motor-centres  for  movements  of  the  band  in 

0.  Gas  be  read  aloud,  or,  what  1-  the  sum'  thing,  name  objects  b 
This  is  the  opposite  to  writing*  from  dictation,  and  tests  the  health 
the  word-centres  or  the  fibres  which  connect  the  Visual  to  the  auditory 
word-centre. 
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QHAFEBB  LV. 

THE    BYE   AND  V 181  OK, 

Tjik  eyeball  is  contained  iu  the  cavity  of  the  skull  catted  the 
orbit  ;  hen  also  ore  vessels  and  nerves  for  the  supply  of  i\ 
ball,  muscles  to  move  it,  and  a  quantity  of  adipn  In 

the  front  uf  the  eyeball  are  the  Lids  and  lacrimal  appai 
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Tlie  zyeli/fo  constsl  of  two  moveable  folds  of  tskin,  each  of 
vliii  h  is  kept  in  shape  by  1  thin  plate  of  fibrous  tissue  called  1 1 1 *_- 

<tr*it*.      Along  their  five  *■  iires  ;ht  insetted  ft   number  of  curved 

lire  i'-f/rfnsft*  <),  which,  when  tin/  lids  arc  half  closed,  satire  to 
protect  the  eye  from  dust  and  other  foreign  bodies:  their  tactile 
enaibility  in  also  rerj  delicate. 
On  t lie  inner  surface  <>f  the  tarsus  my  disposed  a  number  ■■  »F 

luill  racemose  glands (Meibomian),  tin*  ducts  of  which  open  near 
tin*  lYiv  edge  of  the  lid. 

The  orbital  surface  of  each  lid  is  Ikied  by  n  delicate,  highly 

susitive    mucous    membrane  (coqpmctiffa),   which  is  continuous 
ritb  the  skin  at  tin-  has  edge  of  each  lid,  sod  after  lining  the 

incr  surface  of  the  eyelid  is  reflected  on  to  tin-  eyeball,  being 

Bn&ewhat  Loosely  adherent  to  the  sclerotic  coat*     Its  epithelium, 

ihieh  is  columnar,  is  continued  over  the  cornea  as  its  aaterioi 

epithelium,  where  it  becomes  stratified,     At  the  inner  edge  ol 

ie  eye  the  conjunctive  becomes  continuous  with   the  mucous 
Bning  of  the  lacrimal  sic  and  duct,  which  upon  is  continuous 
nth  the  mucous  membrane  of  the  inferior  caeattts  of  the  nose. 
The  lacrimal  *jit*tt<i+  composed  <*t  several  lobules  made  up  of 

L-ini  resembling  the  serous  salivary  glands,  is  lodged  in  the  upper 
ind  outer  angle  of  the  orbit.  U*  accretion,  which  issues  from 
ducte  OH  the  inner  surface  of  the  upper  lid,  under  ordinary 
circumstances  just  suffices  to  keep  the  conjunctiva  moist.  It 
Misses  out  through  two  small  npentbggs  (pimcts!  Kaerimalia)  near 
rlir  inner  angle  of  the  eye,  Olie  in  each  lid,  into  the  lacrimal  sac, 

uwl  thence  along  the  nasal  duct  into  the  inferior  meatus  of  the 
lose.      The   excessive    secretion    poured  out    under  the   iufiuenee 
irritating  vapour  or  painful   emotion  overflows  the  lower 
lid  in  the  fonu  of  tears. 

The  eyelids  are  closed  by  the  contraction  of  a  sphincter  muscle 
lar£ieulajru\  supplied  by  the  facial  nerve  ;  the  upper  lid  is  raised 
by  the  Itwtior  palpehwt  wuperioH^  wiiieh  is  supplied  by  the  third 
nerve. 

The  Eyeball. 

Tli»  1  vchall  or  the  onrau  of  vision  (fig,  545)  consists  of  a 
variety  of  structures  which  may  he  thus  enumerated  •  — - 

The  xcfryotir,  OT  outermost   coat,  envelops  a  Unit  five  -sixths  of 

the  eye-bell:  oontinuoui  with  it,  in  front,  and  occupying  the 
remaining  sixth,  is  the  c&mttL  Immediately  within  the  sclerotic 
is  the  choroid  spat*  and  within  the  choroid  is  the  retina,  The 
interior  of  the  eyeball  is  tilled  by  the  dgiceptfS and  ffikwm  kumouri 
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and  the  orpttalline  Un$;    but*  bIbo,  tin  n    ii  ded  iu  the 

interior  a  contractile  and  perforated  curtain,— -the  vrU,  for  regu- 
lating the  admission  of  light,  and  behind  at  the  junction  of  the 
Botootic  Blld  cornea  is  the  ciliary  muscle,  the  function  of 
is  to  adapt  th**  eyr  f-a  seeing  objects  at  various  distances. 


•  iliiiry  muscle — 

I  ilianr  prooen- 

Ouud  of  Pctifc- 

( \iniea— 1 

Anterior  chu  ruber— 


Fig.  545.— Section  of  the  anterior  four-fifths  of  the  eyeball, 

StrtH'fin't  qf  t/i<  Srhrotic  Crxtt. — The  sclerotic  coitt  is  comf 
of  white  fibrous  tissue,  with   >*>u\<>  elastic   fibres  near  the  inner 


Fig.  .546.— Vertical  section  uf  rabbit's  cornea,  a,  Anterior  epithelium  .showing  the  different 
iihapes  of  the  cells  at  various  depth*  f  rum  the  free  surface ;  fr,  portion  of  the  substance 
of  I'urneii.     ;  Klein, : 

surface,    arranged    in    variously  disposed   and   interlacing 
Many  of  the   bundles  of  fibres  cross   the  other*  almost   at   right 
angles.      Jt    is  strong,    tough,   and  opaque,  and  not  very  elastic. 
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THE    CORNEA, 
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It  is*  separated  from   the  choroid  by  1   lymphatic  space  (pcrt< 

rftoroithit),  and   this   is  in  connection  with  smaller  spaces  lined 
with    endothelium    in    the    sclerotic    coat    itself.       There    is    1 


Fig1.  5t*. — Horizontal  preparation  of  cornea  of  frnp< ;   showing  the  network  of  branched 
cornra-corpiweli*.    Thi*  (frronntl  »nb*tam'e  w  coiiipletely  ^jlourlejw*    H  400,    (Elfin/) 

lymphatic  BfMMM  also  outside  the  sclerotic  separating  it   from  a 

loose    investment  of   connective  tissue,   containing  some  smooth 

alar  fibres,  mil:  I  the  tap&It  of  Fenon.    The  innermoftf 


<■*  K 


fly.  518.— Surface  view  of  part  of  lamella  of  kitten's  cornea,  prepared  flint  with  cauatlc 
potash  and  then  with  nitrate  of  silver,  ( Fly  ihi*  method  the  branched  eornea-corpujiele* 
with  their  granular  protoplasm  and.  larg-e  oval  nus  lei  are  brought  out.)  x  1^0.  [Klein 
and  Noble  Smith.) 

is   made    up  of  loose   connective   tissue  and   pigment-cells,  and  is 
called  the  lamina  fu$ca, 

Stmtrfttre  of  th-  \      ma, — The  cornea  is  a  transparent  memfanOM 

which   forms  a  segment  of  a  smaller  sphere  than  the  rest  of  the 

bafi,  and  is  let  in,  M  it  were,  into  the  sclerotic,  with  which  it  is 
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coiitiimoiiH  nil    ruuud.      It    is    covered    by  ntnititied   epithelium 
(**i  %•  546)1  oonsidting  of  seven  or  eight  Isyei  .  d  which 

tin-   sujk  lihial   One*    ,»n    flattened   ami    SCflJv,  and    the   degpl  ; 

mare  or  less  columnar,      faimedj 
hene&th  this  is  the ttn$&ior funnop 
hrntiwt  of  Bowman,  which  <li4 
in  being  more  condensed  tissue,  from 
the  general  struct  are  of  the  corn 

This   Latl  3,   as   well   ai 

epithelium,  la,  it)  the  sdult,  complete!] 

destitute  of  1  »1 i-vessels;   it   coi 

of  au  intercellular  ground-eul 
rather   obscurely    fibrillated    fl&4 
bundles  ol  connective  tissue*  arranged 
parallel  bo  the  Free  surface,  and  forming 
the  hoitnd:»rie«  of  branched  anastomos- 
ing spaces  in  which   the  oocnei 
puselea  lie.    These  corneal  uorpi 
have  been   Been  t«»  execute  atnc 
uiMvi'Mn'iitv     At    its  posterior  - 
the  cornea  is  limited  by  the  pod 
homogsntous   famMto,  or   momhr 
{tatesmet,   which  is  elastic  hi   nature, 
ami  lastly  a  single  stratum  <«f  « 
epithelial  cells  (ti^,  549,  rf). 

Xtrvf*. — Tin1  nerves  of  the  c 
are  1  K>t  1 1  huge  and  numerous  :  they  w 
derived  from  tin  ciliary  nerves.     Thej 
traverse  the  sul  4  1  he  cot! 

which  some  of  them  near  the  anterior 
surface  break   un  Into  n\i>  cylinders, 
and  their  primitive  fibrillar    Tht  battel 
form  b  plexus  immediately  beneath  the 
epithelium,  From  which  delicate  fibril* 
puss     uj>     between    the    rolls    1 
mosing  with   horizontal   bran 
forming  an  hitm  epithelial  plexus.  Most 
of  the  primitive  fibrilho  have  n  b 
<»r  varicose   appearance*     The 
has    im    bloodvessels    penetrating    it* 
structure,  nor  yet  lymphatic  vessels  proper.     It  is  nourish 
the   circulation  of  lymph  in  tin    spaces  in  which  the  1 
corpuscles    lie*     These  communicate   freely   and    funn  a   h 
canalicular  system. 


^aEHJ^ssssaaa 


li*.  jiq,-  'V«rtloftl«ctlon  of  nib- 

.-,,  stained  with  gold 
rhlomb-.  e,  Btnitifled  anterior 
epfyMlftun.  Immediately  be- 
rn nth  thif-  i-  the  unU  riui  bomo- 
gpneuiJT'iliituifiM  »*f  Bowman,  n, 
Nervrs  forming  ■ 
epithelial  plexus,  a ml  Bending 

up  lirn'  (wiipH  between  11 |m- 

thelml  cells*  to  end  in  I 
nlfjon  OD  tbc  free  wmAi 
Deseemet'*  membrane.  ■ 
ing  ot   11  tin-    '1  ■  - 1 1 -  -  l'iyer,  and 
fleUyerof  epithelial  cells; 
the  p 

]-  ^t-ti  ti»  beflbrfllftted.Kiid  eon- 

tiling  many  bvm  "t  brum  in  *d 

iiscleft,  Arranged  penile]  to 

the  fix*-  aurfaee,  and  here  «een 

■  eleld.) 
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I      rotd  Coai  (Hmiea  1  -This  oos)i  i* 

•lied    to    the    inner    layer   of    the 
in  fn>Dl  .-it  the  Borneo  solera] 
inn  ami  behind  it  the  ectrattee  of 

tin'    njitic    Iierw  ;    elsewhere    il     1-    000- 

i  to  it  only  by  loose  eetmectfc  0 
tissue.  Its  external  coat  is  foron  I 
chiefly  oi  elastic  fibres  ml  large  pig- 
ment d  and 

dniug  lymphatic  spaces  lined  with 
endothelium.       Thin     is    the    tuptxb 

idea.  More  internally  is  a  layer 
of  arteries  and  veins  arranged  in  u 
system  <»T  vrinui-  whorls,  together  with 
elastic  fiores  and   pigment  cells.      The 

[jmphatioe,  too,  are  well  developed 
around  the  blood-vessels,  and  there  are 
besides  distinct  lymph  -paces  lined  with 
endothelium.     Internally  to  this  \%  a 

of  fin-  capillaries,  yery  dense  and  derived  from  the  arteries 
of  the  outer  ooal  and  ending  in  veins  in  that  eoafc     U  contains 

tseies  without  pigment,  and  lymph  spaces  trhtob  surround 


Fig,  550.-841  the 

Hi   ...ut   mi   |3m  human 

uif-niliniiie, 

Ar\v  Slinks-  Off  Mm  k   fibril- 

l&ted  ;  i,  chnrif>-L'Hpil1arw  or 

m  hiuau  ;    1.  |hi- 

■lIhOuucc  of  thr  choroid 

with       large      vetwels      cut 

thioagfe  ,   |,  fupmrfcorol 

;  rtio,     (StUVWllto.) 


s-rtinjk  ttuongti  the  eye  cmrriod  through  the  cilinry  WOttmnm,     t,  cornea.; 
a,  nicrubmm    of  DesoEtnct ;    ,;,,  nclerotie;      ,   eoraeo  sol  end    |ud 
Schlt-non  ;    j,  iwin;  omI   ol  Srhi.-mm; 

7.  Ug.  prrtinuhirii  iridh,  ab  ;  8,  ni>  .    y,  pigim  n!  "i   tri*  (lives) ;    p>,  riliury  processes; 
it,  cil  b;   i  *,  choroid  tissue;   i   ,  tn*»ri<]i<ninl  imd  t ;,  rjuliutiug  fibre*  nf  cilisrjr 

muscle;  is,  ring-muwh  off  Mttller  ;    16,  rfreulu  cm  sagulsj  btuullei  of  Qfliatl  muscle. 
(SeJiwftlbe.) 

the    btood-VGSSels    \.inrtaln'*tn*t    rhnrin^tt/tiifttris).       It   is    separated 

from  the  retina  by  i  fine  elastic  tQembraoe  («w9norofM  0/  firm-//), 

which  is  either  struct .ureless  or  finely  iibrillated. 

The  choroid  coat  ends  in  front  in  what  are  called  bhe  ciliary 
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Ffsr.  55*  •-'"■  ■■«*•  *■  **»  from 

behind.    »,po«teriot  mrfoee  of  the  in-*, 
with  th«nphinctcr  nnwole  of  tlu 
■,  ittteiot  part  of  th*  choroid 
l  not  erf  *1j>  •  ant.  of  which 

About  seventy  arv  rr-prcwented,    \, 


proa  m i  |  figs*  55  1 ,  55  -.)-  These  consist  of  from  70  to  80  meridfem- 
aHy  arranged  radiating  plaits,  which  consist  of  blood-vessels,  fibrous 
councciivr  tissue,  and  pigment  corpuscles.  They  are  lined  by  a 
continuation  of  the  membrane  of  Brneh.     The  ciliary  ) 

terminate  abruptly  at  the  margin 
of  the  tens,     The  ciliary  m 
(ijt  J  4  Mid    15,  &§,  55  t),  takt^ 
1      the     corueo  -  scleral 
junction.    It  is  a  ring  of  mui 
3  mm.  broad  and  s  nun.  thick, 
made  upof  n  1  >res  runniugint  hree 
directions    («)  Meridional  n 
near   the   sclerotic   and 
to  the  choroid  J  (M  radial  SI 
passing  to  be  inserted  into  rh« 
choroid  behind  the  ciliary 
cesses  ;    ind   {<■)  circular  SI 
(muscle  of  Midler),  more  h 
nal ;  they  const it nte  a  sphincter. 

7%  Ms. — The  iris  B 
tinnation  of  the  choroid  inwards 
beyond  the  ciliary  proeesses.    It 
is  1  Bbro-muecular  membrane  perforated  bj  s  01  otral  aperture. 

the  pOpU.      It  is  made  up  <1 1 iitl v  nf   blood  vessels   and  OOttU 
tissue,  with  niiriueiit-cells  and  unstriatcd  muscle. 

Posteriorly  is  a  layer  of  pigment  cells  (wea)j  which  is  S  con- 
tinuation forwards  of  the  pigment  layer  of  the  retina.  The 
structure  of  the  iris  proper  is  made  of  connective  tissue  in  front 
with  corpuscles  which  may  or  may  not  he  pigmented,  and  behind 
of  similar  tissue  supporting  blood-vessels  enclosed  in  eonw 
tissue.      The  pigment  cells  are  usually  well  developed  here,  as  are 

also  many  nerve-fibres  radiating  towards  the  pupil.    Surrounding 

the   pupil    is  a   layer  of  circular  unstriped  muscle,  the   tph 

j.ftpifhf.      In   some    minimis   there  arc   also   nmscle -fibres   which 
radiate  from  1  >hj  sphincter  in  the  substance  of  the  iris  Farmmg 
the  f/ilttttfhu-  pttju'f/th.     The  iris  is  covered  anteriorly  by  a  1;« 
epithelium  continued  ujwai  it  from  the  posterior  surface  of  tin  cornea 

Th?  Lens, — The  lens  t8  situated  behind  the  iris,  being  enclosed 
in  a  distinct  capsule,  the  posterior  layer  of  which  is  not  so  thick 
as  the  anterior.  It  is  supported  in  place  by  the  suspensory 
Ligament,  fused  to  the  anterior  surface  of  the  capsule.  Tin 
suspensory  ligament  is  derived  from  the  hyaloid  membrane, 
which  encloses  the  vitreous  humour. 

The  lens  is  made  up  of  a  series  of  concentric  lamime  (fi^,  553!, 
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which}  when  it  baa  been  hardened,  tan  be  peeled  off  like  the  ooati  of 

an  onion.      The  lamiwe  consist  of  tomglibbOD-shaped  fibres,  which 
in  the  rom>e  of  development  have  originated  from  cells. 

The  fibres  near  the  margin  have  nuclei  and  are  smooth,  those 
the  nentrc  axe  without  nuclei 

and  have  Marat  cd   niuvs,      "I  • 

hexagonal  in  transverse seitinii.  The 

fibres  are  united  together  hv  a  seal  it  y 
amount  of  cement  substance.  The 
viitri!    portioo  (nveUu*)  of  the  lens 

is  the  hanh  it. 

The  epithelium  of  die  lens  consists 
laver  of  cubical  cells  anteriorly, 

which  merge*  hi  the  equator  into 
the  lens  Bbree.     The  development 

of  the  h  ixn  this  transition. 

The  lens  at  first  consists  of  a  rinsed 
eomposed  of  a  single  layer  of 
epithelium.  The  cells  of  the  pos- 
terior part  soon  elongate  forwards 
and  obliterate  the  cavity  ;  the  interior  cells  do  not   -row,   but 

at    the    edge    tlnv    bei le   continuous    with  the    posterior   cells, 

which  are  gradually  developed  into  fibres  (fig*  554*.    The  principal 
cbetnioal  oonstitttezit  of  the  lens  is  a  proteid  of  the  globulin  class 

called  rtf/stttftar. 

t  '<ntt.*> -*<h  rttf  jtittitittiK — At  tins  junction  the  relation  of  parts 
(*■£•  5  5  0  is  so  important  as  to  need  a  short  description,      In  the 


Fig.  551.— Laminated  #tmeture  of 
the  crystalline  lens.  The lamimi* 
are  split  up  after  hardening  in 
alciobi.il.  i,  tb6  (leaner  central 
part  or  iuu-leiiw  ;  2,  the  «uoee»- 
xternal  layers.     J. 

( Arnold.) 


Fig.  VS4-— Meridional  section  through  thp  ltn*  of  a  rabbit,     t,  Len*  capsule;  2,  epithelium 
of  ;-  "ion  of  the  epithelium  into  the  tibrea  ;  4,  lens  fibre*,     : .ttuhui  lim.) 

neighbourhood^  the  iris  and  ciliary  pr  oia  with  the  cornea. 

The  proper  substance  of  the  cornea  and  the  posterior  elastic 
lamina  become  continuous  with  the  iris,  at  the  anpb  e/  the  iri*, 
and  the  iris  sends  forwards  towards  the  posterior  elastic 

lamina,  forming  the  ligammfam  pectinahm  ir  *>/*'*,  and  these  join 
with  fibres  of  the  elastic  lamina.  The  epithelial  covering  of  the 
poeteriqg  surface  of  the  cornea  is,  as  we  have  seen,  continuous 
over  the  front  of  the  iris!  At  the  iridic  angle,  the  compact  inner 
substance  of  the  cornea  is  looser,  and  between   the  bundles  are 
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lymph    gpaoea  filled  with    fluid,  called    the 
They  are  little  developed  in  the  human  corner 

The   spares    which  are  present   in    the    broken    up   buncll . 
corneal   tissue  at    the  atijrle  of  the  iris,  ;irr  continuous  with   the 
larger  lymphatic  spare  of  the  anterior  chamber.    Above  the 
at  the  corneo-sch  ral  junction  is  a  canal,  which  is  called  the 
tieiMM.     it  is  a  lymphatic  channel 
Strueturt  of  the   Retina. — The  retina   (ftV.  555)    is  a  del 

memhiMiK,    QOilC 
thf     concavity      din 
Is  and  appar 
ending  in  front,  near  the 
part  of    the 

in    a     I 
1 1 :   edge,       r ' 
nerrato,  but  really  repre- 
eenced  I  to  the 

very  margin  of  the  pupil, 
It  results  from  the  - 
b£ou  of  the  optic  nei 
whose  terminal  fibres,  de- 
prived of    then 
white  -11I'-:  1  -ether 

with  oerre-oelli,  '.: 
sentially  ooenpoaed     The 
presence  of  nerve-cells  in 
the    retina    which 
Into  contact  with  the  rods 
and  cones  (visu.il   n 
epithelium)    reminds   us 
that   the  optic,  like  Um 
olfactory  ner?< 

nerve,   hilt  an  out- 
growth  of  the  bruin. 

In   the  centre  ol   the 
retina  is  a  round  yellowiifa 

<l   spot,   abe 
of  an   inch  (j   mm*]  iu 
diameter,  having  a  depres- 
sion in  the  centre,  called 
after   itc  the 

macula  hUea,  or  pelivtv  sjwt  of  Strmmrrittg.  The  depression  in 
its  centre  is  called  tin-  form  rtntmli*.  About  vV»  of  an  iiieli 
(2-5  Him.)  to  the  inner  side  of  the  yellow   spot,  b  the  petal 


Fig.  555.     A  eec-timi  of  \\w  1.  in  1:1.  -  humid,  and  part 
orotic,  moderately  magnified;  h,  mem* 
bnuui   I  i  mi  tun*    interna  ;     ft,  layer 

travelled  by  Miiller'a  *>u*tenta*iilar  fibre* ; 
e,  ganglion -^11  layer  ;\  <J,  internal  flDdlei  ulnr 
layer ;  ?*  internal  nuelear  layer ;  /,  external 
tenia*  layer;  j,  external  nuclear  layer; 
I,  merahrana  li  mi  tans  externa,  running  along 
the  lower  part  of  *,  the  layer  of  rods  and  cones ; 
&,  pigment  cell  layer:  Un,  internal  and  external 
vanealar  pott  tuns  of  th«  choroid,  the  first 
containing  eapillariea,  the  second  larger  1 
vessel*,  cut  in  transverse  section  ;  »♦  m -t- 
W.  Pye.) 
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*  Outer  mole- 
cular layer. 


(optic  disc  or  white  sjtot)  at  which  the  optic   nerve  enters  the 
eyeball,  and  begins  to  spread  out  its  fibres  into  the  retina. 

The  optic  nerve  passes  forwards  from  the  ventral  surface  of 
the  cerebrum  towards  the  orbit  enclosed  in  prolongations  of  the 
membranes,  which  cover  the  brain.  This  external  sheath  at  the 
entrance  of  the  nerve  into  the  eyeball  becomes  continuous  with 
the  sclerotic,  which  at  this  part  is  perforated  by  holes  to  allow 
of  the  passage  of  the  optic  nerve  fibres,  the  perforated  part  being 
the  lamina  criftrosa.  The  pia  mater  here  becomes  incomplete, 
and  the  subarachnoid  and  the 
superarachnoid  spaces  become 
continuous.  The  pia  mater  sends 
in  processes  into  the  nerve  to 
support  the  fibres.  The  fibres 
of  »the  nerve  themselves  arc 
exceedingly  fine,  and  are  sur- 
rounded by  the  myelin  sheath, 
but  do  not  possess  the  ordinary 
external  nerve  sheath.  As  they 
pass  into  the  retina  they  lose 
their  myelin  sheaths  and  proceed 
as  axis  cylinders.  Neuroglia 
supports  the  nerve  fibres  in  the 
optic  nerve  trunk.  In  the  centre 
of  the  nerve  is  a  small  artery, 
the  arttria  centralis  retinue.  The 
number  of  fibres  in  the  optic 
nerve  is  said  to  be  upwards  of 
500,000.  The  axis  cylinders 
pass  on  to  the  retina,  turning 
over  the  edges  of  the  )*)ru* 
opticus,  to  be  distributed  on  the 
inner  surface  of  the  retina,  as 
far  as  the  ora  serrata,  as  the 
layer  of  optic  nerve-fibres. 

The  retina  consists  of  certain  elements  arranged  in  ten  layers 
from  within  outwards  (figs.  555,  556,  557). 

1.  Meml/rana  limitans  interna:  This  so-called  membrane  in 
contact  with  the  vitreous  humour  is  formed  by  the  junction 
laterally  of  the  bases  of  the  mstentacular  or  supporting  fih'es  of 
Miiller,  which  bear  the  same  relation  to  the  retina  as  the 
neuroglia  does  to  the  brain.  The  character  of  these  fibres  may 
be  seen  in  fig.  556. 

2.  Optic  nerve  fibres. — This  layer  is  of  very  varying  thickness 


*•£•  556.— Diagram  showing  the  xiiKten- 
tacular  fibres  of  the  retina ;  /,  flbre- 
bu.sket  above  the  external  limiting 
membrane;  »t,  nucleus  of  the  fibre; 
/,  base  of  the  fibre.  (From  McKen- 
drick,  after  Ktohr.) 
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»»f  rod. 


U<*i  tibre. 


Bipolar cell,   


in  different  parti  of  the  retina:  it  consists  of  non-medullated 
fibres   which   interlace,   ami    Some  of  which  v itli 

processes  of  the  large  nerve  cells  faming   the  next   layer      The 
fibres  are  supported  by  the  sustentacula!'  fibres.     T  otm 

less  and  less  numerous  anteriorly  anil  and  at  the  ora  serrata. 
3.    Lnyrr  qf  gmgiicm  celU.      This  C  4  large  multipolar 

nervo-eclls    with    larire  and 

round  nuclei,  forming  1 
1    single   layer,  or  in  some 
parte  of  the  retina,  es] 
ally  near  the  sionrfa  fi 

whets  this  layer  is  very 
thick,  it  consists  0 
strata  of  nerve  cells,  They 
arranged  with  their 
liagfa  a\is-rvl]iMl«  r  pro- 
se in  wan  Is,    These  pass 

into  and  are  continuous 
with  the  Layer 
nerve  -  libra,  Externally 
the  cells  send  oft*  several 
branched  |  processes  which 
paBfl  EntO  Uw  next  layer. 

4.  Inner  moUcular  hupr, 
— Tli is    presents    a    finely 

g  n 1 1 1 ulateil  appearaaee,    1 1 

consists    of    neuroglia 

vened   by  numero 

fine  fibrillar  processes  of  the 

nerve-eella  just   described, 

and  the  minute  brand 

of  the  processes  of  the  hi* 

polar  cells  of  the  next  ! 

5.  inner   nuchar  taper. 

— Thlfl  consists  chieilv  of 
numerous  small  round  cells, 
with  a  v«  t  \  small  quantity 
of  protoplasm  surrounding 
a  large  ovoid  nucleus;  they  are  generally  bipolar,  -nun:  off  one 
process  oul    1 rds  and  another  inwards,    1  hie  pi  awatdi 

to   form    a  synapse  with    the   arborisation   of   a    ganglion  cell, 
the  other  outwanls   to  similarly  arborise  with   the  branchings  of 
the  rod    and    cone    fibres.      Some  cells,  called    $p 
tma/CftfU   e<UsT   however,  only  send  off  one  process,   which 


Fig*.  557.—  Diagram  showing  the  nervous  ele- 
ment* of  ntniji.  i,  nerve  ffbw  of  ganglion 
cell ;  2„  process's  of  gunglinn  cell  going  out- 
wards :  3,  nerve  fibre  passing  direct  t 


pet)  in  inner  nuclear  lav?r  ;   |t  proeew  ofnn* 

ae-gran 

jiHhitw  KHintl  the  brtbclMa  r>f  J.ir>"bvr  cells. 


glion  cell  towurrh  bipolai  ■  <  II  ;    t,  Bbri  i 

anule  bricking  up  into  jtt>ril«  wlm-h 


(From  MeKendrick,  afte r 
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inwards  (tig,  550).     The  large  oval  nuclei  (rig.  556) belonging  tu 

the  Mullerian  fibre!  ^ccur  hi  thin  lav 

6.  0 titer  molecular  taper, — This   layer  cloeelj   resembles  the 
inner  molecular  layer,  but 

i >.-h  thinner.  It  contain.- 
tin.?   branchings  of    t lie  rod 

and  oooe  fibres  mi  the  "in 

ham  I    and    of    the   bipolar 
cells  on  the  other, 

7.  Ej'tt-rnttl  Miirfrftrittt/t  *\ 
— This    layer    consists    of 

mail  cells   resembling  at 

first  sight  those  of  the  in- 
ternal nuclear  layer ;  they 
led  us  rod  and  1  "in 
jrojuh-.  a- voiding  as  they 
are  connected  with  the 
rods  and  cones  respectively, 
aud  will  be  described  with 

them.     They  are  lodged   in 
the     meshes    of    a     fa 
work,  which   is  formed  by 
the    breaking    up    of    the 
Mullerian  fibres. 

8 .  Membrana    limiton* 
no, — A  delicate   well- 

defined   membrane,   clearly 

marking  the  internal  limit  of  the  rod  and  cone  layer,  and  made  lip 

Of  ihe  junction  of  the  bases  of  the  sustentacula!'  fibres  externally. 


Pig,  c;sH.— The  no*terior  half  of  the  retina  of  the 
li-ft  eye,  viewed  from  before  ;  *,  the  eut  edge 
of  the  mlenitio  ooafc;  oft,  the  choroid1  ;  r,  th+- 
i>  tina  ;  in  the  interior  at  the  nuddlu  the 
moffili  lnteu  with  thftdopvcoiioa  of  the  fovea 
i^lNili-;  I  hy  ft  flight  itvul  shiide  ; 

toward*  the  left  iSda  the  lurht  ppot  indicate* 
th>  -  ulliculiMOT  ►•tiiiti-tn  e  it  the  entrance  of 
the  or.it  ie.  nerve,  from  the  centre  of  whieh  the 
uteris  coo  tta  ImnehOi 

into thf  retina,  leaving  Em  p^n  oeoqpted  hy 

the  macula  coinruvrativi  1 

(After  Henle.) 


W,t.€.*~ 


It.  f.ir' 


Fif,  559.  -Diagram  of  a  section  through  half  the  fovea  aflafcnUi      .•.  guntfioilii  -layer; 
ner  nuclear;  6,  outur  nuclear  layer,  tiba   > t   BIJMi  forming  the  Hhoulea 


oonea]    iff,  mmnimim  HmfVmr  tilt—*  p  bkLI 
limthm  interna.      SeMfer  ami  Guiding  Bill 


1  mcinhranii 


Small   hairlike  processes  project  outwards  between  the  rods  and 
to  rapport  them. 
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9.  Layer  of  rod*  ami  cones. — This  layer  is  the  nerve-epithelium 
of  the  retina.  It  consists  of  two  kinds  of  cells,  rods  and  cones, 
which  are  arranged  at  right  angles  to  the  external  limitiug  mem- 
brane, and  supported  by  hairlike  processes  (basket)  proceeding  from 
the  latter  for  a  short  distance  (fig.  556). 

The  roth. — Each  rod  (fig.  557)  is  made  up  of  two  parts,  very 
different  in  structure,  called  the  outer  and  inner  limbs.  The  outer 
limb  of  the  rods  is  about  30/x  long  and  2/x  broad,  is  transparent,  and 
doubly  refractive.  It  is  said  to  be  made  up  of  fine  superimposed 
discs.  It  stains  brown  with  osmic  acid  but  not  with  hematoxylin, 
and  resembles  in  some  ways  the  myelin  sheath  of  a  medullated 
nerve.  It  is  the  part  of  the  rod  in  which  the  pigment  called  visual 
purple  is  found.  In  some  animals,  a  few  rods  have  a  greenish 
pigment  instead.  The  inner  limb  is  about  as  long  but  slightly 
broader  than  the  outer,  is  longitudinally  striated  at  its  outer  and 

granular  at  its  inner  part 
It  stains  with  hematoxylin 
but  not  with  osmic  acid. 
Each  rod  so  constructed  is 
connected  internally  with  a 
rod  fibre,  very  fine,  but  here 
and  there  varicose ;  in  the 
middle  of  the  fibre  is  a  rod 
granule,  really  the  nucleus  of 
the  rod,  striped  broadly  trans- 
versely, and  situated  about 
the  middle  of  the  external 
nuclear  layer ;  the  internal 
end  of  the  rod  fibre  termi- 
nates in  branchings  in  the  outer  molecular  layer. 

The  cones. — Each  cone  (fig.  557),  like  the  rods,  is  made  up  of 
two  limbs,  outer  and  inner.  The  outer  limb  is  tapering  and  not 
cylindrical  like  the  corresponding  part  of  the  rod,  and  about  one- 
third  only  of  its  length.  There  is,  moreover,  no  visual  purple 
found  in  the  cone.  The  inner  limb  of  the  cone  is  broader  in  the 
centre.  It  is  protoplasmic,  and  under  the  influence  of  light  has 
been  seen  to  execute  movements.  In  birds  there  is  often  a 
coloured  oil  globule  present  here.  Each  cone  is  in  connection  by 
its  internal  end  with  a  cone  fibre,  which  has  much  the  same 
structure  as  the  rod  fibre,  but  is  much  stouter  and  has  its  nucleus 
quite  near  to  the  external  limiting  membrane.  Its  inner  end 
terminates  by  branchings  in  the  external  molecular  layer. 

In  the  rod  and  cone  layer  of  birds,  the  cones  usually  pre- 
dominate largely  in  number,  whereas  in  man  the  rods  are  by 


Fig.  560.— Figment-cells  from  the  retina,  a, 
cells  still  cohering,  seen  on  their  surface ; 
n,  nucleus  indistinctly  seen.  In  the  other 
cells  the  nucleus  is  concealed  by  the  pig- 
ment granules,  b,  two  cells  seen  in  profile ; 
«,  the  outer  or  posterior  part  containing 
scarcely  any  pigment,     x  370.    (Henle.) 
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the  more  numerous,  except  in  the  fovea  centralis,  where 
j only  are  present.  The  number  of  cones  has  been  estimated 
at  3,000,000. 

10.  Pigment-cell  layer  consists  of  a  single  layer  of  polygonal 
cells,  mostly  six-tided,  which  send  down  a  beard-like  fringe  to 
Unround  the  outer  ends  of  the  rods.  It  is  this  layer  which 
is  continuous  with  the  uvea,  where,  however,  the  cells  become 
rounded,  and  arranged  two  or  three  deep. 

The  next  figure  (fig.  66 1)  represents  the  sum  tore  of  the  retina 
i-  made  out  by  Goigl'a  method. 

Dijfrrew  Jijfh-fut  jmrt*. — Towards  the  centre 

of   the   macvf't    hitrit   all   the  layers   of    the  retina  become   gfO&tlj 


Fig.  561,— Scheme  of  the  retinal  elements  Ah  cones  of  the  fovea  centralis ;  B,  granules 
nuclei  of  these  curie* ;  C,  t^nupee  bttwtttft  Uftt  cones  and  bipolar  cell*  in  paternal 
molecular  layer;  D,  wTnajiso  between  thi«  bipolar  and  g&iijrlion  cells  in  the  internal 
ii,,. Uvular  layer  ;  a  and  ft,  renin  and  cones  in  other  repii  inu  ,  .-,  bipolar  ^f  II 

destined  for  the  cones;  4,  bipolar  cell  destined  for  the  rods  ;  R,  *t  pranglion  cells; 
/*  spongioblast ;  gt  efferent  fibre  f  trophic,,  originating  from  the  cell  wT  in  yonianlafte 
body;   A, optic  tm  mfeal  iirlH.h.NntioDs  of  optic  BOTft  thtCf  in  annulate 

body;  /,  fibres  from  the  cells  of  geniculate  body  on  the  way  to  cerebral  cortex. 
«ajal.) 


thinned  out  and  almost  disappear,  except  the  rod  and  0006  layer, 
and  at  the  /ovafl  cen&ralu  the  rods  disappear,  and  the  cones, 
especially  their  inner  segments,  are  long  and  narrow.  At  the 
margin  of  the  fovea  the  layers  increase  in  thickness,  and  in  the 
ml  of  the  macula  lutea  are  thicker  than  elsewhere.  The  gan- 
glionics layer  is  especially  thickened,  the  cells  being  six  to 
deep  (2,  tig.  559).  The  bipolar  inner  granules  (cone  nuclei)  are 
obliquely  disposed  (figs.  559  and  561)  on  the  course  of  the  00818 
fibres,  and  are  situated  at  some  distance  from  the  memhtnti 
limikim  r\Wmw,  winch  is  cupped  towards  the  fovea  (ftg.  559). 
The  yellow  tint  of  the  macula  is  due  to  a  diffuse  colouring  matter 
in  the  interstices  of  the  four  or  five  inner  layers;  it  is  ahseiit  at 
the  centre  of  the  fovea. 
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At  the  vra  nemsta  the  layers  are  not  perfect  and  die 
this  order:  nerve-fibrea  and  ganglion  colls,  then  the  tods,  leaving 
only  the  inner  limbfl  of  'In    cones*  next  thrserefi.se,  tltoii  the 
molecular  layer,  the  inner  and  outer  nuclear   I 

and  finally  the  inner  molecular  luyei   also  is  unreph 

At  the pure-cit ianrie  retinae,  the  retina  is  iPepresented 

of  columnar  cells,  derived  from  the  fusion  of  the  imcl 
The  cells  externally   are   in  contact   with   the   pigment    1 
the  retina,  which  is  continued  over  the  I -diary  process* 
(if  the  irift. 

At  the  entrance  of   the  optic  nerve  I  he  only  struct  in 
are  nerve  Hbn- 

Thr  chamber*  of  (he  eye. — The  anterior  chamber  is   tin 
behind    the    cornea    and    in   front    of   the    iris.      It    is    rilled  with 
i  [ueoua  humour,  which  is  diluted  lymph. 

The  posterior  chamber]  or  that   behind  the  iris,  contain 
\ritrwM  humour,  which  is  a  jelly  like  connective  ti 
It  is  enclosed  in  a  membrane  called  membrana  kpofoideo 
front  is  continuous  with  the  capsule  of  the  lens;  round  tt 

mI'    llir    lelis    I  In-  canal    left     is    called    thr   CafUU    ">~    Petit   ('■. 

p.   726),  the   ineiuhrane  itself  being  the  Zorndt  <>r'  Zinn.     T)». 
hyaloid  membrane  separates  the  vitreous  from  the  retina. 

Btood-veuefa  <<t'  the  Epebalt. — The  1  ry  richly  supplied 

with  Mood  -vessels,      In  addition  to  the  conjunctival  vessels  whiofi 
are  derived  from  the  palpebral  and   lacrimal  arteries, 
•  ■  hast  two  other  distinct  sets  of  vessels  supplying  th 

the   eyeball.      (l)   The  \essels  of   the  sclerotic,  choroid,  and  iri\ 

and  (2)  tin1  rosseta  of  1  he  retinai 

(i.)  These  are  the  short   and   lotiu  /tostrrit*r  ciliarj 

which  pierce  the  Sclerotic  in  thr  posterior  hall'  of  the  »\  chad,  AD  >\ 

the  anterior  ciliary  which  enter  near  the  insertions  of  the 
These  vessels  anastomose  and  form  a  very  rich  choroidal  1 
they  also  supply  the   iris   and   ciliary    pn  ding   I    raj 

highly    vascular  circle   round    the  outer   margin   of    the   u 

adjoining  portion  of  the  sclerotic. 

The  distinctness  of  these  vessels  from  those  of  the  oonJQt 
ii  well  seen  in  the  difference  between  the  bright  red  of  blood-tihcri 
eyes  (conjunctiva]  congestion),  and  the  pink  eone  mrroundu 
cornea  which  indicates  deep-seated  ciliary  congestion. 

(2).  The  retinal  vesteli  (fig,  558)  arc  derived  from  I 
centralis  trtinm,  which  enters  the  eyeball  along  the  centre  of  the 
optic  nerve.      They  ramify  all  over  the  retina,  in  its  inner  lawrv 
They  can  be  seen  bj  ophthalmoscopic  ex  and  nation. 


» 
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The  Eye  as  an  Optical  Instrument. 

The  eye  may  be  compared  to  a  photographic  camera-,  aud  the 
transparent  media  correspond  to  the  photographic  lens.  In  such 
a  camera  images  of  external  objects  are  thrown  upon  a  ground- 
glass  screen  at  the  back  of  a  box,  the  interior  of  which  is  painted 
black.  In  the  eye,  the  camera  is  represented  by  the  eyeball 
with  its  pigment,  the  screen  by  the  layer  of  rods  and  cones  of 
the  retina,  and  the  lens  by  the  refracting  media.  In  the  case  of 
the  camera,  the  screen  is  enabled  to  receive  clear  images  of  objects 
at  different  distances,  by  an  apparatus  for  focussing.  The 
corresponding  contrivance  in  the  eye  is  called  accommodation. 

The  iris,  which  is  capable  of  allowing  more  or  less  light  to  pass 
into  the  eye,  corresponds  with  the  diaphragms  used  in  the  photo- 
graphic apparatus. 

The  refractive  media  arc  the  cornea,  aqueous  humour,  crystal- 
line lens,  and  vitreous  humour.  The  most  refraction  or  bending 
of  the  rays  of  light  occurs  where  they  pass  from  the  air  into  the 
cornea;  they  are  again  bent  slightly  in  passing  through  the 
crystalline  lens.  Alterations  in  the  anterior  curvature  of  the 
crystalline  lens  lead  to  what  we  have  already  termed  accommo- 
dation— that  is,  the  power  the  eye  has  for  adjusting  itself  to 
objects  at  different  distances. 

We  may  first  consider  the  refraction  through  a  simple  trans- 
parent spherical  surface,  separating  two  media  of  different 
density. 

The  rays  of  light  which  fall  upon  the  surface  exactly  perpen- 
dicularly do  not  suffer  refraction,  but  pass  through,  cutting  the 
optic  axis  (0  A,  fig.  562),  a  line  which  passes  exactly  through  the 
centre  of  the  surface,  at  a  certain  point,  the  nodal  paint  (fig.  562,  N), 
or  centre  of  curvature.  Auy  rays  which  do  not  so  strike  the 
curved  surface  are  refracted  towards  the  optic  axis.  Rays  which 
impinge  upon  the  spherical  surface  parallel  to  the  optic  axis,  will 
meet  at  a  point  behind,  upon  the  said  axis  which  is  called  the 
chief  posterior  focus  (fig.  562,  Fi) ;  and  again  there  is  a  point  in 
the  optic  axis  in  front  of  the  surface,  rays  of  light  from  which 
so  strike  the  surface  that  they  are  refracted  in  a  line  parallel 
with  the  axis  d  f" ;  this  point  (fig.  562,  F2)  is  called  the  chief 
anterior  focus.  Tho  optic  axis  cuts  the  surface  at  what  is  called 
the  principal  point. 

It  is  quite  obvious  that  the  eye  is  a  much  more  complicated 
optical  apparatus  than  the  one  described  in  the  figure.     It  is, 

3b2 


740 


THE    EYE    AND    VISION. 


[CH.  LV. 


however,  possible  to  reduce  the  refractive  surfaces  and  media  to 
a  simpler  form  when  the  refractive  indices  of  the  different  media 


Fig.  562.— Diagram  of  a  simple  optical  system  (after  M.  Foster).  The  carved  surface, 
*\  d,  is  supposed  to  separate  a  less  refractive  medium  towards  the  left  from  a  mare 
refractive  medium  towards  the  right. 


and  the  curvature  of  each  surface  are  known, 
follows : — 

Index  of  refraction  of  cornea 

„  „  aqueous  and  vitreous 

,,  ,,  lens 

Radius  of  curvature  of  cornea 

„  M  anterior  surface  of  lens 

,,  posterior  „ 

Distance  from   anterior  surface  of  cornea 

to  anterior  surface  of  lens 
Distance  from  posterior  surface  of  cornea 

to  posterior  surface  of  lens 
Distance  from  posterior  surface  of  lens  to 
retina 


These  data  are  as 


=     137 

=     134  to  136 

{1  "4  in  outer  to  145 
in  inner  part. 
=     7-8  mm. 
=    10 
=     6 

=     3'6 

=     72 

=   150 

With  these  data,  it  has  been  found  comparatively  easy  to 
reduce  by  calculation  the  different  surfaces  of  different  curva- 
ture, into  one  mean  curved  surface  of  known  curvature,  and 
the  differently  refracting  media,  into  one  mean  medium  the 
refractive  power  of  which  is  known. 

The  simplest  so-called  schematic  eye  formed  upon  this  prin- 
ciple, suggested  by  Listing  as  the  reduced  eye,  has  the  following 
dimensions : — 

From  anterior  surface  of   cornea  to  the 
principal  point  ..... 

From  the  nodal  point  to  the  posterior  sur- 
face of  lens         .....==         '4764  mm. 

Posterior  chief  focus  lies  behind  cornea     .      =     22*8237  mm. 

Anterior  chief  focus  in  front  of  cornea       .      =     1 2*8326  mm. 

Radius  of  curvature  of  ideal  surface  .      =       5*1248  mm. 


=       2*3448  mm. 
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The  term  index  of  refraction  means  the  ratio  of  the  sine  of  the 
angle  of  incidence  to  that  of  the  angle  of  refraction ;  this  is 
shown  in  the  next  figure. 


Fi#r.  561.— If  P  P'  is  a  line  which  separates  two  media,  the  lower  one  being  the  denser,  and 
A  O  is  a  ray  of  light  falling  on  it,  it  is  bent  at  O  towards  the  normal  or  perpendicular 
line  N  N'.  A  O  is  called  the  incident  ray,  and  O  B  the  refracted  ray ;  A  O  N  is  called 
the  angle  of  incidence  (0,  and  N'OB  the  angle  of  refraction  (r).  If  any  distance 
O  X  is  measured  off  along  O  A,  and  an  equal  distance  O  X'  along  O  B  and  perpen- 
diculars drawn  to  NN';  then  i-i  =  index  of  refraction. 

In  this  reduced  or  simplified  eye,  the  principal  posterior  focus, 
about  23  mm.  behind  the  spherical  surface,  would  correspond  to 


Fig.  564.— Diagram  of  the  optical  angle. 

the  position  of  the  retina  behind  the  anterior  surface  of  cornea. 
The  refracting  surface  would  be  situated  about  midway  between 
the  posterior  surface  of  the  cornea  and  the  anterior  surface  of 
the  lens. 
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The  optical  cutis  of  the  eye  is  a  line  drawn  through  the  centres 
of  curvature  of  the  cornea  aud  lens,  prolonged  backwards  to 
touch  the  retina  between  the  porus  opticus  and  fovea  centralis, 
and  this  differs  from  the  visual  axis  which  passes  through  the 
nodal  point  of  the  reduced  eye  to  the  fovea  centralis ;  this  forms 
an  angle  of  50  with  the  optical  axis.  But  for  practical  purposes 
the  optical  axis  and  the  visual  axis  may  be  considered  to  be 
identical.  The  visual  or  optical  angle  (fig.  564)  is  included 
between  the  lines  drawn  from  the  borders  of  any  object  to  the 
nodal  point ;  if  the  lines  be  prolonged  backwards  they  include 
an  equal  angle.  It  has  been  shown  by  Helmholtz  that  the 
smallest  angular  distance  between  two  points  which  can  be  appre- 
ciated =  50  seconds,  the  size  of  the  retinal  image  beiug  3*65^1; 


Fig-  565.— Diagram  of  the  course  of  the  rays  of  light,  to  show  how  an  image  is  formed 
upon  retina.    The  surface  C  C  should  be  supposed  to  represent  the  ideal  curvature. 


this  practically  corresponds  to  the  diameter  of  the  cones  at  the 
fovea  centralis  which  =  3/x,  the  distance  between  the  centres 
of  two  adjacent  cones  being  =  4/*. 

Any  object,  for  example,  the  arrow  A  B  (fig.  565),  may  be 
considered  as  a  series  of  points  from  each  of  which  a  pencil  of 
light  diverges  to  the  eye.  Take,  for  instance,  the  rays  diverging 
from  the  tip  of  the  arrow  A ;  C  C  represents  the  curvature 
of  the  schematic  or  reduced  eye ;  the  my  which  passes  through 
the  centre  of  the  circle  of  which  C  0  is  part  is  not  refracted; 
this  point  is  represented  as  an  asterisk  in  fig.  565  ;  it  is  near 
the  posterior  surface  of  the  crystalline  lens ;  the  ray  A  C, 
which  is  parallel  to  the  optic  axis  O  ()',  is  refracted  through  the 
principal  posterior  focus  P,  and  cuts  the  first  ray  at  the  point  A' 
on  the  retina.  All  the  other  rays  from  A  meet  at  the  same 
point.  Similarly  the  other  end  of  the  arrow  B  is  focussed  at  B', 
and  rays  from  all  other  points  have  corresponding  focuses. 

It  will  thus  be  seen  that  an  inverted  image  of  external  objects 
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is   formed  on   the   retina.      The    retina    in   a   enrved  screen,   but 
the  images  fall  only  on  it  small  area  of  the  retina  under  normal 
Hmnn-t;ui. x m  j  hence  far  practical  purposes  this  small  area  may 
garded  ie  Ba& 

The  qU66tU>D  thru  arises.  Why  \h  it  that  ohjeOtl  do  not  appear 
l<>    KM    tO    he    Upside   down  I      This    is   easily    understood    when   we 

irun nihi  r  tint  the  sensation  of  sight  oooun  not  in  the  eye,  but 

in  the  I  train.      By  education   the  1  train   learns    that    the  fcO] 

objects  excite  certain  portions  of  the  retina,  ami  the  lower  parte 

of  objects  other  portions  of  the  retina.      1*1 1 at  these  pOfftlOflfl  "1 

the  retina  are  reversed  in  position  to 

the  parts  of  the  object  does  not  matter 

at  all,  any  more  than  it  matters  when 

one's  photograph  arrives  home   from 

the  pbotogl npher's  that  it  was  wron^ 

u»v  up  in  the  photographer's  camera 

— one    pate  it  right   way   up  in  the 

photograph  album. 


k&  OVMOPATIOK 


mm   ihaviflg  1 1 1 tri  B 

i>  t\<  •  1  turn  of  ,i  i  audle.  j  ,  Proin 
the  interior  surface  of  cornea  ; 
2,  from  the  anterior  suxfaw  of 
leas  \  ;,.  from  |ka  punk'nor 
*urfa<  r  i if  lens.  For  furthe 
explftniiti«>n.  Ml  text.  The 
experiment  is  beet  pprfoniu'd 
by  emplctyiiiiF  an  inKtrumenl 
invented  by  HeLmholtz,  termed 


a  PhaJtoMCop*  (iw  Hfl 


The  [tower  of  accommodation,  or 
the  adaptation  oftht  tffi  to  vision  tit 
different  distance*}  is  primarily  due  to 
an  ability  to  van  the  shape  of  the  lens  ; 

i    ftnnr  tmrfaee  become*  more  or  [tea 
eimvi .-a.  m wording  as  the  distance  of  the 

object   locked  at  is  near  or  far.      The  nearer  the  object,  the  more 

convex,  up  toe  certain  limit,  the  front  surface  of  the  lena  beootuee, 

and  tuW  f<  r*<i  .    tin-  back  surface  takes  DO  share  in  the  production  of 

the  effect  required.     The  posterior  surface,  which  during  rest  is 

more  convex  than  the  anterior,  is  thus  rendered  the  less  convex  of 

the  two  during  accommodation.    The  following  simple  experiment 

illustrates  this  point:  If  a  lighted  candle  he  held  a  little  to  one 
side  of  a   per-'  in  observer   looking  at    the  eye   from   the 

other  side  sees  three   images   of  the   flame  (fig,  566),      The  tirst 

and  brightest  is  (i)  a  small  erect  image  formed  by  the  anterior 

convex  surface  of  tie  cornea :  the  second  (a)  isalsoereett  but  larger 
arui  less  distinct  than  the  preceding, and  i>  formed  at  the  anterior 
OODVej  eilrfaoe  Of  the  lens  :  the  third  (3)  is  smaller,  inverted,  and 
indistinct  :   it  is  formed  at  the  posterior  surface  of  the  lens,  which 

in  Domoate   forwards^  and   therefore]   like  all   concave   mirrors, 

irives  an    inverted   image.       If  QOffl    tin     « w    under   ofoaerval 
made  bo  look    »t  i\  near  object,  the  second  image  becomes  smaller, 
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dearer,  and  appvoaabei  the  first     If  the  eye  is  now  adjust 

a  far  point,  the  second  [mage  enlarges  again,  h« 

and  recedes  from  the  first.      In  both  eases  the   first   an  i 

remain  unaltered  to  Wie,  distinctness  and  position.  This 
prows  that  during  aivuiiiiiiudatiun  for  near  objects  the  curvature 
of  the  cornea,  and  of  the  posterior  svrfacr  of  the  lens,  remain 
unaltered,  while  the  anterior  surface  of  the  lens  becomes  more 
convex  and  approaches  the  con 

The  experiment  is  more  striking  when  two  candles  (repre- 
PDWB  in  fig.  567)  are  used,  and  the  images  of  the  two  candles 
from  the  front  surface  of  the  hmfl  during  accommodation  not  only 


Fig\  567.— Diagram  of  Sanson'*  irruiift^.     A.  pfeffl   BlM  tyw  vo  not,  and  Uf  1 
an?  foenmed  lor  near  objects*    Tho  lij?.  U»  tin'  rijdit  in  A  and  B  is  the  invi?rted 
from  the  posterior  iturfarc  of  the  lcn*. 


apprO&Cb  tboeG  from  the  GOrneftj  bill    sJftO   approach    one   avjothrr, 

and  become  somewhat  smaller.  (Saneon**  Imagt**)  Helmholtz 
Phakoeoope  (fig<  568)  is  a  tmngularbox  with  nrrangeiMiteJof 
demonstrating  thin  experiment* 

Mn'htitthm   of  CkOMMmfidctiUM, — The   lens   having    no   tulierciit 
r  of  contraction,  its  changes  of  outline  must  he  produc 
siiiiic  jiowcr  from  without  ;   this  power  is  supplied    by  the  ciliary 
tnusole.      Its  action  is  to  draw  forwards  the  choroid,  and   hv  w 
doing  to  slacken  the  tension  of  the  suspensory  ligament  0 
leiia  which   arises   from   it.      The  anterior  surface  of  the    k 
kept  flattened  hj  the  action  of  this  ligament.     The  ciliary 
during  accommodation,   by  diminishing  its  tension,  diminial 
a  proportional  degree  the  flattening  of  which  it  is  the  c 
diminution  or  cessation  of  the  action  of  the  ciliary  tnusold,  tliclem 
returns  to  its  former  shape,  i«y  virtue  of  the  elasticity  of  the 
sorv  ligament  (fig.  569),     From  this  it  will  appear  that  th< 
usual ly  focussed  for  distant  objects.      In  view, 
ciliary  muscle  contracts;  the  ciliary  muscle  reL 
of  the  attention  from  near  objects,  and  fixing  it  on  those  distant. 


a 
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Rnn</>   "/   DilUnct    Vist'ttn.       X*<n  p(rilU .    -In  every  eye  tlirre  is 

a  limit,  to  the  power  <»f  aooocamod&tiaiL     If  a  book  be  brought 


koscopc  of  IMmhollz.  At  B  B'  ai 
i-  oobobb tolled  do  the  eye  of  thenar? 
h  n  holt-  in  the  third  angle  of  tb.  bOJ 
■tmtiue  for  the  eye  of  the  observer.  '  l 
■Altad  hy  UTOWiu  in  fljr*  567,  reflected  from  tin: 
fixed  tipori  ii  distant  object,  the  position  of  t 
is  then  made  to  focus  a  near  object,  *uch  u  i 
the  Anterior  surf  in -e  of  the  lens  will   be  ob< 


sms,  by  which  tin  liurlit  of  u 
tH  nr.ii  i  itli.  which  b  looking 

to  the  window  *'.  A  fa  tfcg 
m  three  double  imafto,  iBtfPB" 
r  examination  when  the  eye  is 

\\-.\r\  m-j.  been  noticed,  the  eye 
ted  up  ut  G ;  the  image*  from 
I  ards  each  other,  in 


consequence  of  this  surface  of  the  lens  becoming  more  convex. 

nearer  tskl  Dearer  to  t K .  type  «t  last  lu'romi^  indistinct, 

ulul  CanpOt  be  brought  IntO  focus  by  :uiv  effort  of  ntrnm 


1  'iugniui  repr  .tenting  by  dotted  lines  the  alteration  in  the  shnpe  of  the  leia  on 
accommodation  for  nmr  object*,    i,  K.  Landolt,  I 


• 


746 


THE    KYli    ASH    VIS] 


[CIL  LV. 


however   strong,      Tins  which    is    termed    tl,  ran    l« 

determiner!  by  the   following    experiment    {S(ltfinrt).      Two  small 
holes  are  pricked  in  :i  card  with  ;i  pin  not   mow  than  a  twelfth 
an  inch  (2  mm.)  apart,  at  any  rate  their  distance  from  each  other 
must  not  exceed  the  diameter  of  the  pupil.     The  card  is  held  dose 
in  front  of  the  i  yi .  and  a  small  needle  viewed  through  I 

.\f   : lerate  distance  it  cat)   b(  la   but   sd 

brought  nearer,  beyond  a  certain  point,  the  image  appears  double 

or  eiI  any  rate  Mimed.     This  (mint  where 

appear  single  is  the  near-point     its  distance  From  the  egpe  can 

of  course  be  readily  measured,     it  is  usually  about  5  Of 

(13  cm.).     In  the  accompanying  figure  (fig,  570)  the  lens 

Miits  the  eye;  <f  the  two  pin-holes  in  the  card,  sw   the  retina; 

a  represents  the  position  of  the  needle.     When  ilk*-  n  at  a 


i. 


Yig,  57ft,     Diagram  of  experiment  to  ascertain  the  minimum  distance  of  distinct  ftt 

moderate  distance,  the  two  pencils  of  light  comi 

are  focussed  at  b  single  point  on  the  retina  a*.      If  the  need 

brought  nearer  than  t!ic  near  point,  the  strongest  eflb 

modation  is  not  sufficient  to  focus  the  two  pencils,  they  me 

point  behind  the  retina.     The  effect  is  tlie  same  as  if  the 

were  shifted  forward  to  mm.     Two 

From  each  hole.     It  is  interesting  t<>  note  that  when  V 

o-    produced^  the  lower  one  g  really  appears  in  the 

while  the  upper  one  appears  in  the  position  r.     Tin 

readilj  verified  h\  covering  the  holes  in  succession* 

During  accommodation  two  other  take  place  In  the 

d)  Thr  ryr<  i  i  .  ■  ■  the  action  uj  the  internal  \ 

muscle  of  each  eyeball. 

1 2)   Thf  pupil*  contract, 

Tlie  contraction  of  all  of  the  muscles  which   have  to  do  with 
accommodation,   viz.  of  the  ciliary  muscle,  of  tlie  into 
muscles,  an«f  of  the  sphincter  pnpilhe  is  under  the  control 
third  nervn 
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The  account  of  eccoxnmodatkm  aa  given  In  the  preceding  pagej 

DVB  :m»l  i«|[rt  mammals  bfooe  ami  certain  repMles. 

DOWCrer,  shown  that  in  many  animal*  tower  in  the  sen! 
mechanic  mnn'atian  vane-      11        .1    il.  and  Ifi  often  very  .litTi.-rcnr 

from  that  just  dnBcribed,  conaiatingi  in  bet,  la  i  power  of  altering  the 

tlistauee  between  t hi-  lens   ml  the  reiim. 

In   bony    flahea,   \\i>-   ejC   at    rest    i-   acontmniHtutrd    fni    m::ir  nhjivts;    in 

foensring  for  distant  obji  drawn  nearer  to  the  retina  by  a 

ancle  called  the  nt/wttte  Um&U,    In  cephalopoda  n  enra, 

hnt  the  retractor  Lentifl  in  aba  m  ;  here  I  be  approach  of  the  leoa  to  the  retina 
is  brought  about  by  an  alteration  oi  intia-oeuiar  tension,  lit  Amphibia  and 
rood  list  ant  oi  imo- 

dating  for  near  objeeta  the  kna,  by  alteration  of  Lntra-oculaT  tension,  \> 

'•i  I-  tweeti  it  it  nd  the  ret  in  l*ed. 

There  appear  to  be  nol  r  lew  anfniale  of  nocturnal  habile  in  all  daeaea  which 
do  not  |Kjfi»c*^  ti  Domntodation  nt  all. 

[  > I TO  IV    t N     r»  I    Ol  1  MAI.    Al'l'AU A  | 

Under  this   head    we   maj   consider   the   defeats    known   an 

f  t  >  Myopia,  (a)  Hypercietropia,  (j)  Astigmatism,  (4)  spherical 

V  hen  at  ton,  (5)  Chromatic  Aberration, 

Til-   nomad  (emmetropic)  eye  is  bo  adjusted  that  parallel  rays 

brought  exactly  to  a  focus  on  the  retina  without  any  effort  of 

nminrlatioii  (j?  fig,  $yi)<      Hence  nil  objeotfl  except  near  ones 

ftCtically  all  objects  more  than  twenty  feet  oft')  are  seen  without 

effort  of  accommodation  ;  in  other  words,  the  far-point  of  the 

norma]  aye  ie  al  an  infinite  distance,     in  viewing  neat  object**  wc 

are  conscious  of  the  effort  (the  contraction  of  the  ciliary  muscle) 

by  which  the  anterior  surface  of  the  tens  is  rendered  more  convey 

and  rays  which  nrould  otherwise  be  toenailed  behind  the  retina  are 

OOUTergad  upon  the  retina  (see  dotted  lines   >,  fig,  571). 

1  Myopia  (short-sight)  (4,  H^.  571)- — This  defect  is  due  to  an 
abnormal  elongation  of  the  eyeball,  The  retina  is  too  far  from 
the  tone  and  consequently  parallel  rays  are  focuaaed  En  front  of 
the  retina,  and,  BttKsiug,  form  little  circlea  QO  the  retina;  thus 
the  iiimgea  of  distant  objects  are  blurred  and  indistinct.  The  eye 
is,  as  it  were,  permanently  adjusted  For  a  near-point,     Rays  from 

a  point  near  the  eye  are  exactly  foeusscd  Jit  the  retina.  Hut 
those  which  L8SUC  from  any  object  beyond  a  certain  distance  (jfti 

notn^}  cannot  be  distinctly  fociiased,      This  defect  ia  corrected  bj 
■<tt'r  glasses  which  cause  The  rays  entering  the  eye  to  diverj 

hence   they  do  not    come   to  a    focus   so   soon.      Such  glasses   of 
course  are  only  needed   to  give  a  clear  vision  of  distant  obje, 
t"r  near  ohjects,  except  in  extreme  oases,  they  an    nol   required. 

2.  Hypermetropic  (3,  ti^f.  57  t).  —  This  is  the  reverse  defect. 
The  eyeball  is  too  short.  Parallel  raya  an  I'ncusscd  MUM  the 
retina  :  an  effort  of  accommodation  is  required  to  focus  even  parallel 
rays  on  the  retina  ;   and  when    they  arc  divergent,  as   in  viewing 


a  n-ii  obji  ot,  the    icoommodation  m  h 

Thus    in    vvt-11  -murk. d    CM68    distant    objl  <ivw    viv    *-HV»i 

Mil Utiott,  Mini  nearonefl  n  wry  powerful  effort,  imd  t lit  ciliary 

nniock  is,  therefore,  ooofctanUy  aoting.    This  defi  1  by 


Magmffii  itoiHng    r,  normal  yi   1.  lining  parallel  rayi  euttly 

to  a .  fiK'U*  on  the  retina  ;    ;\  in.ruuil  ©T*  adapted  to  ft  n-ar-pomt;    without  Antnmo> 
datum  the  ray*  would  M  fo"  •  tina.  W  by  tncreaainf  theou? 

iior  surf»r«  of  the  ten*   «1h»wii  by  u  dotted  line  i  the  rmy»  (ire  fomuMd  an  th* 
retina    un  indfcfcted  by  the  meeting  i>f  thf  t no  dutted  lyprrmttrnpie  c) 

thk  owe  the  axis  of  the  eye  i*  abortcr  than  normal ;  pamllel  >iwd  hrhtod 

ri'tina;    4,  mpopk  eye;    io  llii*  cam  the   axis  of    th.   fft  It  ubn.  • 
parallel  raya  are  f neiiMied  ta  front  of  the  retina,     Th.-  Hirurv  UteorrrrtJ)  r^prraenta  th* 
rcf  rue turn  us  (""urrirw  oul>  in  the  *  lyMalline  leni;    tHe  pnn.  ^  . 
am  ftl  tic  an  raca, 

the  use  ol  huh  render  the  pencil*)  of  light 

ooovefgent     Such  glasses  are  ol  course  especially  needed  fa 
objects,  as  in  reading,  dVc.     They  rest  tht    eye  by  reii 
ciiinrs   DIUSGle  ffOttl  BX0M»V<  work. 
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3.  Attigmc&iMn* — Tliis  defect!  which  was  first  discovered  by 
Airy,  i«  due  \<  v  curvature  ol  the  eye  in  one  meridian 
than  in  others.     The  eye  m.iv  be  btoj  myopic  in  one  plan 

rmetropSc    in    others.      Hue    vertical    and    horizontal    lines 
BTOBSingeaeb  Otber  cannot  both  be  foeussed  atmur  ;   one  set 
<nit  dearly  and  the  others  are  blurred  and  indistinct.     This 

which  ie  present  in  a  alight  degree  in  all  generally 

in  the  cornea,  but  occasionally  in  the  lens  as  well;  it >  may  be 
corrected  by  the  uas  oi  cylindrical  glasses  (/.'.,  stirred  only  ■  1 1 
one  direction). 

4.  Spherical  Aherration. — The  rays  of  a  cone  of  li^ht  from 
an  object  situated  at  the  side  of  the  Held  n  do  not  Mel 
all  in  the  tome  pointy  owing  to  their  unequal  refraction  ;  fur  the 
refraction  of  the  raya  which  pass  through  the  circumference  of  a 
lens  1  than  that  of  those  traversing  its  central  portion. 
This  defect  is  kllOWD  as  Spherical  aberration)  and    in   the  camera, 

microscope,  and  Other  optical  instruments,  it  is  remedied 
by  the  interposition  of  a  screen  with  a  circular  aperture  in  the 
path  of  the  rays  of  light,  cutting  ofl  sill  the  margin*]  rays  and 
only  allowing  the  panage  of  those  near  the  centre     Such  come* 

tion  is  effected  in  the  eye  by  the  iri*,  which  pTSTentl  the  rays 
frouQ  passing  through  any  part  of  the  refractive  apparatus  hut  its 

centre.  The  posterior  surface  of  the  iris  is  coated  with  pigment, 
tO   prevent    the    passage    of   rays  of    lij*hl     through    its    substance. 

The  Image  of  an  object  will  he  most  defined  and  distinct  when 

the  pupil  is  narrow,  the  object  at   the  proper  distance    for  riaiofl, 

and   the   light  abundant ;  so  that,  while  a   sufficient    number  of 

ure  admitted,  the  narrowness  oi  the  pupil  may  prevent  the 

production  of  indistinctness  of  the  image  by  sjthrnntt  afttiYtUion. 

Distinctness  of  vision  is  further  secured  by  the  pigment  of  the 

filter  Mirf;ee  uf  the  retina,  the  posterior  surface  of  the  iris  and 
the  ciliary  processes,  which  absorbs  the  grc-iter  part  of  1  i *_rl  1 1 
that  may  he  reflected  within  the  eye,  and  prevents  its  being 
thrown  again  upon  tie  retina  so  as  to  interfere  with  the  images 
there  fun iinl 

c,  Chromatic  Jf» -mttion. — In  the  passage  of  light  through  an 
ordinary  convex  lens,  decomposition  of  each  ray  into  its  elementary 
colours  commonly  ensues,  and  ■  coloured  margin  appears  an  mud 

the  image,  owing  to  the  unequal  refraction  which  the  elementary 
colours  undergo,  In  optical  instruments  this,  which  is  termed 
throHKtttr  aberration,  is  corrected  by  the  use  of  two  or  more 
lenses,  differing  in  shape  and  density,  the  second  ol  which 
continues  or  increases  the  refraction  of  the  raya  produced  by 
the  first,  but  by  reroinbinintr   the  individual    parts  of  each   ray 
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into  its   origin ;il    white   light,    comets  any  oh] 
which  may  have  resulted  from  the  first.      It  is  pr 


J 


if  tli 


naparent  media  in  front 
retina  may  be  the  means  by  which  Hi*'  eye  is  euabb  laid 

against  the  ©fleet  of  chromatic  aberration      ri«»-  lm n  i  vc  is 

achromatic,  however^  only  bo  long 

focal  distance  upon  the  retina,  or  so  bng  U  the  pta  itself 

to  the  different  distances  of  sight     If  either  of  these  L-Mtidiiiuti* 

ho  interferel  with,  2i  more  or  less  distiud  appeari 

produced. 

From  the  insufficient  adjustment  «>f  the 
object)  it  appears  aurrouuded  by  a  sort  of  halo  or  fringe,     Tin* 
phenomenon  is  termed    frftuKaiien,      It  is  for  this  t 
white  square  on  a  hlaek  ground  appears  larger  than  a  black  squarr 
of  the  same  use  on  a  white  ground* 

Drpx ■•*(!  e  Accommodation — Presbyopia, — This  condition   fa 
to  the  - 1 -•  .dual  loss  of  the  power  of  accommodation  which    is  au 

early  sign   of   advancing   years.      In   consequence   tie 
is  obliged  in  reading  to  hold  the  book  further  and  further  aw.r 
order  to  focus  the  letters,  till  at  last  the  letters  are  he!d  too  fnr 
distinct  vision.      The  defect  is  remedied  by  weak  convex  gliUMtt, 
It  is  due  chiefly  to  the  gradual  increase  in  density  ol  the  lens, 
which    is    unable    to  swell   out  and   become  coin  ex    when   new 
objects  are   looked   at,   and   also   to   a   weakening  of   the   fiill 
muscle,  and  a  genenU  loss  of  elasticity  in  the  parts  concerned  "i 

the  Jin  fhaiii^in. 

I  :  ACTIONS   01     I  m:    \ 
The  iris  has  three  uses: — 

i.  Uo  rc4  sa  a  diaphragm  in  order  to  lesseti  spherical  sbsna 

tion  in  the  maimer  just  described. 

2,  To  regulate  the  amount  of  light  entering  the  eye,     fa 

bright   light  the   pupil   contracts  ;    in    a    dim   light    it   enlarges, 
This  may  be  perfectly  well  seen   in   one'fl  own   iris   by  looking  at 
it  in  a  mirror  while    one  alternately  turns  a  Lr<<-  light  up 
down. 

3.  By  its  contraction  during  accommodation  \i  supports  the 
ac  tiot  1  m|  Hi.    ,  i  1  iary  1  n  1  isel  e . 

The  muscular  fibres  (unstriped  in  mammals,  striped  in   b 
of  the   iris   are   arranged   circularly  around    the    margin   of 
pupil,  and  radiatingly  from  its  margin.     The  radiating  fibres 
best  seen  in  the  eyes  of  birds  and  otters;  some  look  upon  them 
as  elastic  in  nature,  but  there   is  little  doubt    that    they  are 

tih\       Those    wllO    believe   they    SW    D0t    eontraetile   explain 
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dilatation  of  the  pupil  as  due  to  inhibition  of  the  circular  fibres. 
But  if  the  iris  is  stimulated  near  its  outer  margin  at  three 
different  points  simultaneously  the  pupil  assumes  a  triangular 
shape,  the  angles  of  the  triangle  corresponding  to  the  points 
stimulated ;  this  must  be  due  to  contraction  of  three  strands  of 
the  radiating  muscle  ;  inhibition  of  the  circular  fibres  would 
occur  equally  all  round. 

The  iris  is  supplied  by  three  sets  of  nerve-fibres  contained  in 
the  ciliary  nerves. 

(a)  The  third  nerve  supplies  the  circular  fibres. 

(b)  The  cervical  sympathetic  supplies  the  radiating  fibres. 
The  cilio-spinal  centre  which  governs  them  is  in  the  cervical 
region  of  the  cord  (see  p.  65 1). 

(r)  Fibres  of  the  fifth  nerve  which  are  probably  sensory. 

The  experiments  on  these  nerves  are  those  of  section  and 
stimulation  of  the  peripheral  ends  ;  the  usual  experiments  by 
which  the  functions  of  a  motor-nerve  are  discovered. 


Nerve. 


Third  .... 
I  Third      .... 
'  Sympathetic 
i  Sympathetic  .         .     . 

I  Both  nerves  together  . 


Experiment. 


Section     . 
Stimulation 
Section     . 
Stimulation 

Stimulation 


Effect  on  pupil. 


Dilatation. 

Contraction. 

Contraction. 

Dilatation. 

Contraction 


the  dilatation. 


overcomes 


Certain  drugs  dilate  the  pupil.  These  are  called  mydriatics ; 
atropine  is  a  well-known  example.  Others  cause  the  pupil  to 
contract.  These  are  called  myotics ;  physostigmine  and  opium 
(taken  internally)  are  instances.  Different  myotics  and  mydriatics 
act  in  different  ways,  some  exerting  their  activity  on  the  muscular, 
and  others  on  the  nervous  structures  of  the  iris. 

Reflex  actions  of  the  iris. — When  the  iris  contracts  under  the 
influence  of  light,  the  sensory  nerve  is  the  optic,  and  the  motor 
the  third  nerve.  The  central  connection  of  the  two  nerves  in 
the  region  of  the  mid-brain  we  shall  see  later  on  (fig.  584,  p.  770). 
The  iris  also  contracts  on  accommodation ;  and  the  reflex  path 
concerned  in  this  action  is  a  different  one  from  that  concerned  in 
the  light  reflex,  as  this  reflex  often  remains  in  cases  of  locomotor 
ataxy,  after  there  is  an  entire  loss  of  the  reflex  to  light  (Argyll- 
Robertson  pupil). 

On  painful  stimulation  of  any  part  of  the  body,  there  is  reflex 
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dilatation  of  the  pupil-     This  is  accompanied  by  starting 
eyeballs,  due  to  contraction  of  the  plain  muscle  in  the  capauh 
Tenon,  which,  like  the  dilatator  fibres  of  the  iris,  is  Supplied 
the  cervical  sympathetic  ucrve. 

We  may  sum  up  the  principal  conditions  under  which  the  pupil 
contracts  and  dilates  in  the  following  table  : — 


Caueea  of — 


Contraction  of  the  Pupil. 

1.  Si  iambi  inn  o£  third  nerve. 

2.  Parnlvsisof  tvrvieal  .symjjutlh  ■*  i> 

3.  When  the  eye  is  exposed  to  light. 

4.  Wlm  aCiTJUlIIlixJulitiH  nrvnis. 

5.  Under   the    local    Influence    of 

phyBnstigmitK'. 

6.  Under  the  influence  of  opium, 

7.  During  Bleep, 


Dilatation  of  the  Pupil. 

1.  Paraljtii  of  the  third  n< 

2.  Btimiilmtion  of  the  cervical  \ 

the  tic, 

3.  In  the  dark. 

4.  When  the  accommodation  is  relaxed. 

5.  Under  the  local  influence  of  atro- 

pine.   This  drug  also  paraljses 
the  ciliary  muscle. 

6.  hi  the  lall  Itafte  of  asphyxia. 

7.  In  deep  chloroform  narcosis, 

8.  Under    the    influence    of    certain 

emotions,  such  as  fear. 

9.  During  pain. 


I 


There  ie  ■  oloee  oormectio?)   of   the  centres  that  govern  the 
activity  of  the  two  irides.      If  one  eye  is  shaded   by  the  ha 
pupil  frill  of  course   dilate,  but  the  pupil   of   the   Other    ej 
alsn  dilate.      The   two  pupils   always   contract   or  dilate  togethei 
unless  the  cause  is  the  local   injury  to  the  nerves  of  one   side  or 
the  local  action  of  drugs: 

Functions  ov  tub  Retina. 

The  Retina  is  tlxe  nervous  coat  of  the  eye  ;  it  contains  the 
layer  of  nerve-epithelium  (rods  and  cones)  which  is  capable  of 
receiving  the  stimulus  of  light,  and  transforming  it  into  a  nervous 
impulse  which  passes  to  the  brain  by  the  optic  nerve. 

The   bacillary  layer,   or    layer    of    rods    and   cones,   is  a1 
hack   of  all  the  other  retinal  layers,  which  the  light  has  to  pene- 
trate before  it  can  affect  this  layer.     The  proofs  of  the  statement 
that  it  is  the  layer  of  the  retina  which  is  capable  of  stimulation 
by  light  are  the  following  : — 

(1)  The  point  of  entrance  of  the  optic  nerve  into  the  retina, 
where  the  rods  and  cones  are  absent,  is  insensitive  to  light,  and  is 
Billed  the  hiind  spot.  The  phenomenon  itself  is  very  readily 
demonstrated.  If  we  direct  one  eye,  the  other  being  closed* 
Upon    a    point    at    such    a  distance    to  the  side   of    any    object, 
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that  the  image  of  the  latter  must  fall  upon  the  n  tina  at 
the  point  of  entrance  of  the  optic  nerve,  this  linage  is  lost.  If, 
for  example,  we  close  the  left  eye,  and  direct  the  axis  of  the  right 


idilv  towards  the  circular  spot  her.'  represented;  while  the 
page  is  held  at  a  di  ah.  mi    six  inches  from  the  eye,  both 

dot  and  cross  are  visible,  On  gradually  increasing  the  distance 
bdtweefi  the  eye  and  the  object,  byremovn  obk  farther  and 

farther  from  the  face,  and  still  keeping  the  right  eye  steadily  on 
the  dot,  it  will  he  fount  1]  that  suddenly  the  cross  disappears  from 
view,  while  on  removing  the  book  still  farther,  it  suddenly  OOfflJ  I 
in  Bight  again,  The  Cause  of  this  phenomenon  is  simply  that  the 
portion  of  the  retina  which  is  occupied  by  the  entrance  of  the  optic 
nerve  is  ipiite  blind;  and  therefore  when  the  images  of  objects 
fall  on  it  they  cease  to  be  visible.  By  a  psychical  process  Mm 
blind  spot  is  not  normally  perceived. 

(2)  In  the  fovea  centralis  and  macula  luteu  which  contain  rods 
and  corns  but  no  optic  nerve  -fibres,  and  in  which  the  other  layers 
Of  the  retina  are  thinned  down  to  a  minimum,  light  produces 
'In  greatest  effect.  In  the  latter  situat ton,  cones  occur  in  large 
numbers,  and  in  the  former  cones  without  rods  are  fuiind,  whereas 
ID  tbe  rest  of  the  retina  which  ifl  not  so  sensitive  to  light,  there 
arc   fewer  emies   than   rods.      We  may  conclude,  therefore,   that 

are  even  more  important  to  virion  than  rods. 

(3)  If  a  small  lighted  candle  is  moved  to  and  fro  at  the 
side  of  and  close  to  one  eye  in  a  dark  room  while  the  eyes 
look  steadily  forward  into  the  darkness,  a  remarkable  branching 
figure  (Pttrkittje's  fi*ftiren)  is  seen  floating  before  the  eye,  consist- 
ing of  dark  lines  on  a  reddish  ground*  As  the  candle  moves,  the 
rigure  moves  in  the  Opposite  direction,  and  from  its  whole  appear- 
ance there  can  he  no  doubt  that  it  is  a  revetted  picture  of  the 
retinal  vessels  projected  before  the  eye.  This  remarkable  appear- 
ance  is  due  to  shadows  of  the  retinal  vessels  cast  by  the  candle. 
Under  ordinary  circumstances,  the  brain  has  learnt  to  di*j 
these  shadows,  and  it  is  only  when  they  are  thrown  Upon  the 
retina  in  an  unusual  slanting  direetiuu  that  they  are  perceived* 
The  branches  of  these  vessels  are  distributed  in  the  nerve-fibre  and 
ganglionic  layers ;  and  since  the  light  of  the  caudle  falls  on  the 
retinal  vessels  from  in  front,  the  shadow  is  cast  behind  them,  and 
hence  those  elements  of  the  retina  which  perceive  the  shadows 
must  also  lie  behind  the  vessels.  Here,  then,  we  have  a  clear 
proof  that  the  light-perceiving  elements  of  the  retina  are  aol  the 
inner  layers  of  the  retina,   but   the   external    layer  of  the  retina, 
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the  rods  and  cones  of  which   indeed  are  tic   special  tennin 
of  the  optic  nerve-fibres. 

Duratkm  of  Vimal  Sensations. — The  duration  of  the  sensation 
produced  by  a  luminous  impression  on  the  return  is  a] way!  g 
than    that  of  the  impression   which  produces  it      However  brief 
the  luminous    impression,  the    e fleet  on  the  retina  always  last* 
for  about  one-eighth  of  a  second.     Thus,  supposing  an  ol 
motion,  say  a  horse,  to  be  revealed  on  a  dark  night  by  a  flash  of 
lightning.     The  object  would  be  seen  apparently  for  an  eighth  of 
>ud,   but  it  would  not  appear  in  motion  ;  because,  although 
the  image  remained  on  the    retina  for  this  time,   it  was  really 
revealed  for  such  an  extremely  short  period  (a  flash  of  lightning 
bmog   almost   instantaneous)  that  no  appreciable  movent 
the  part  of  the  object  could  have  taken  place  in  the  period  dur- 
ing winch  it  was  revealed  to   the  retina  of  the  observer.      The 
same  fact   is   proved    in   a   reverse  way.      The  spokes  of  a  fl 
revolving  wheel  are  not  seen  as  distinct  objects,  hi  cause  fc| 
point  of  the  field  of    vision  over  which    the   revolvii 
pa**,  :i  Li'iven  impression  has  not  faded  before  another  replaces  it 
Thus  every  part  of  the  interior  of  the  wheel  appears  occupied. 

The  after-sensations  are  called  ttfhr-imayts.  They  are  of  two 
kinds,  jKtsthtr  and  nttjativt.  Positive  after-imagea  are 
which  resemble  the  original  image  in  distribution  of  light  and 
shade,  and  colour.  Negative  after-images  which  occur  after 
strong,  and  especially  after  prolonged,  excitation  of  the  retina, 
are  those  in  which  the  light  parts  appear  dark,  the  dark  part* 
light,     and     the    coloured    parts    of    the    op]  r     contrast 

colour.  Heuce  the  image  of  a  bright  object,  as  of  the  panes  of 
a  window  through  which  the  light  is  shining,  may  be  perceived  hi 
the  retina  for  a  considerable  period,  if  we  have  previously  kept 
our  eyes  fixed  for  some  time  on  it.  Bui  the  image  in  this  case  ii 
negative.  IF,  however,  after  shutting  the  eyes  for  some  time,  w« 
open  them  and  look  at  an  object  for  an  instant,  and  again  close 
them,  the  after-image  is  pogitin. 


The  Ophthalmoscope. 

Every  one  is   perfectly  familiar   with  the    fact,  lhat   it  is  quit 
impossible  to  see  the  fundus  or  back  of  another  person's  i 
simply  looking  into  it.      The  interior  of  the  eye  forms  a  perfectly 
black  background,*     The  same  remark  applies  to  an   ordinary 

•  In  Eome  uuiinala  {/-<;..  the  cat),  the  pigrracDt  is  absent  from  a  portico 
of  the  retinal  epithelium;  this  forms  the    I  :         .-.eel 

this  is  supposed  to  bi  to  toctestt  vW>  lentitiveneM  of  th*-  retina,  the  light 
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photographic  camera,  and  may  be  Illustrated  by  the  difficulty 
we  experience  in  seeing  into  a  room  from  the  street  through 
the  window  unless  the  room  is  lighted  within.  In  the  case 
Of  the  eye  this  fact  is  partly  due  to  the  feebleness  of  the  light 
reflected  from  the  retina,  most  of  it  being  absorbed  by  the  retina) 
pigment ;  but  far  more  to  the  fact  that  every  such  ray  is 
reflected  straight  to  the  source  of  light  (<?.#.,  candle),  and  cannot, 
therefore,  be  seen  by  the  unaided  eye  without  intercepting  the 
incident  light  from  the  candle,  as  well  as  the  reflected  rays 
from  the  retina.  This  difficulty  is  surmounted  by  the  use  of  the 
Gpk  thalmo&c&pe. 

The  ophthalmoscope  was  invented  by  Helmholtz  ;  as  a  mirror 
for  reflecting  the  light  into  the  eye,  he  employed  a  bundle  of 
thin  glass  plates  j  this  mirror  was  transparent,  and  so  he  was 
able  to  look  through  it  in  the  same  direction  as  that  of  the  rays 
of  the  light  it  rejected.  It  is  almost  impossible  to  over-estimate 
the  boon  this  instrument  lias  been  to  mankind  ;  previous  to  this 
in  the  examination  of  cases  of  eye  disease,  the  principal  evidence 
on  which  the  surgeon  had  to  rely  was  that  derived  from  the 
patient's  sensations ;  now  he  can  look  for  himself. 

The  instrument,  however,  has  been  greatly  modified  since 
Helmholtz1  time ;  the  principal  modification  being  the  substitu- 
tion of  a  concave  mirror  of  silvered  glass  for  the  bundle  of  glass 
plates  ;  this  is  mounted  on  a  handle,  and  is  perforated  iu  the 
'•ntre  by  a  small  hole  through  which  the  observer  can  look. 

The  methods  of  examining  the  eye  with  this  instrument  are— the  rf/mV 
nod  the  indirect:  both  method  at  inviHti^atioa  should  be  cmgdoyed.  A 
drop  of  a  solution  of  atropine  (two  grains  to  the  ounce)  or  of  homatropine 
hjdrobromate,  ebould  be  instilled  about  twenty  minutes  before  the 
examination  is  commenced  ;  the  ciliary  muscle  is  thereby  paralysed,  the 
power  of  accommodation  is  abolished,  and  the  pupil  is  dilated.  This  will 
materially  facilitate  the  examination  ;  but  it  is  quite  possible  to  observe  all 
the  details  to  he  presently  described  without  the  use  of  such  drugs,  Tbe 
room  being  now  darkened,  the  observer  seats  himself  in  front  of  the 
person  whose  eye  he  is  about  to  examine,  placing  himself  upon  a  some- 
vrhaj  higher  level.  Let  us  suppose  that  the  right  eye  of  the  patient  is 
bein^  examined.  A  brilliant  and  steady  light  is  placed  close  to  the  left 
ear  of  the  patient.  TftJdng  tbe  mirror  in  his  right  hand,  and  looking 
through  the  central  hole,  the  operator  directs  a  beam  of  light  into  the  eye 
of  the  patient,  A  red  glare,  known  as  tkn  rtjirr,  is  seen  ;  it  is  due  to  the 
illumination  of  the  retina.  The  patient  is  then  told  to  look  at  the  little 
finger  of  the  observer's  right  hand  as  he  holds  the  mirror  ;  to  eflcct  this  the 


being  reflected  hack  through  the  layer  of  rods  and  cones.     It  is  certainly 

the  ease  that  these  animals  are  able  to  see  clearly  with  less  light  than  we 

can,  hence  the  popular  idea  that  a  cat  can  see  in  the  dark.     In  fishes  a 

:um   lucidum  is    often   present;  here  the  brightness   is   increased  by 

»ls  of  guanine. 
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la  rotated  somewhat  inwards,  and  at  the  same  time  the  reflex  changes 
from  red  to  a  lighter  colour,  owing  to  the  reflection  from  the  Optic  difd  The 
observer  now  approximate*  the  mirror,  and  with  his  eye  to  the  eye  or 
patient,  taking  care  to  keep  the  light  fix^i  upon  the  |»upil,  90  as  not  to  lose 
1  be  reflex.  At  ■  certain  point,  which  vnrit  s  with  different  eyes,  but  is  usually 
hed  when  there  is  u  Interval  of  about  t\\  inches  between  the 

observed  and  the  observing  eye.  the  *v**?h  of  the  retina  will  become  vi- 
Examine  carefully  the  fundus  of  tie  < -ye,  />.,  the  ltd  surface— until  thtvptU 

disc  is  seen;  trace  its  circular  oui 
and  observe  the  small  central  white  spot, 
the  porus  opticus,  or  pkytiologie&l 
near  the  centre  El  the  central  artery  of 
the  retina  breaking  up  upon  the  disc  into 
branches  ;  veins  also  are  present,  and 
OOirespO&d  roughly  to  the  course  of  the 
arteries.  Trace  the  vessels  over  the  disc 
on  to  the  ret  inn.     8  in  w  hat  to  the 

and    only  visible  after   some    ; 
tioe,  is  the  fdttma  tpot,  with  the  smaller 
lighter-coloured  facta    central**    in    it* 
centre.  This  constitutes  the  direct  m- 
of  examination;  by  it  the  various  details 
of  the  fundus  are  seen  as  they  really  exist, 
and  it  is  this    method  which  should  be 
1  for  ordinary  use, 
If  the  observer  is  myopic  or  hyperme- 
tropic, he  will  be  unable  to  employ  the 
direct  method  of  examination   nntU  he 
lias  remedied  his  defective  vision  by  the 
use  of  proper  glasses. 

In  the  indirect  method  the  patient  is 
placed  as  before,  and  the  operator  holds 
the  mirror  in  his  right  hand  at  a  distance 
ol   twelve  to  eighteen   inches  from  the 
patient's  right  eye.    At  the  same  time  he 
his  left  tittle  linger  lightly  upon  the 
right  temple,  and  holding  a  convex  lefts  be- 
tween bis  I  hu  mb  a  rid  fore  finger,  t  wo  or  three 
inches  in  front  of  the  patient's  eye,  directs 
thelight  through  the  lens  into  th- 
rod   reflex,  and  subsequently  the   white 
one,  having   been   gained,  the    opettftor 
slowly  moves  his  mirror,  and  with  i 
towards  or  away  fmm  the  fact 
ent,  until  the  outline  of  one   of  toe 
minal  vessels  becomes  visible,  when  very  slight  movement!  on  the  \*ai 
the  operator  will  suffice  to  bring  into  view  the  details  of  the  fundus  above 
described,  hut  the  image  will  be  much  smaller  and  inverted.     The  ap|*ar 
mees  fcecn  arc  depicted   in  fig.  558.     The  lens  should  be  kept  fixed  at  a 
distance  <»f  two  or  three  inches,  tne  mirror  alone  being  moved  until  the  disc 

1 uies  visible  :  should  the  image  of  the  mirror,  however,  obscure  the  disc, 

ns  may  be  slightly  tilted. 
The  two  next  figures  show  d i Agra m mat ieally  the  course  of  the  lays  of 
light. 

Kig.  57j  represents  what  occurs  when  employing  the  direct  method, 
thesoarceol   light,  and  M  M  theconcave  mirror,  w  rr.il  aperft 

which  reflects  the  rays;  these  are  focussed   by   th  ing 

Billed,  to  a  point  iu   the  vitreous  humour,  and    flu*  produce  a  diffuse 


jF*IT  57*.— Tht  opbtb&lnioacope.  The 
Huuill  upi*T  mirror  i*  for  direct, 
the  l&rgvr  fur  indirect  illumiim- 
Uon. 
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lighting  of  the  interior  of  the  eyeball.  Rays  of  light  issuing  from  the  point 
v  emerge  from  the  eye  parallel  to  one  another,  and  enter  the  observer's  eye 
E1 ;  they  are  brought  to  a  focus  pl  on  the  retina  as  the  eye  is  accommodated 
for  distant  vision.  Similarly  the  point  m  and  n  will  give  rise  to  images  at 
w1  and  nl  reflectively. 

Fig.  574  represents  what  occurs  in  examining  the  eye  by  the  indirect 
method. 

N  is  the  source  of  light,  M  M   the  mirror,  E  the  observed,  and  El  the 


Fiff.  573.— The  courwe  of  the  litfht  in  examining  the  eye  by  the  direct  method. 
(T.  G.  Brodie.) 

observing  eye  as  Ixjfore.  The  rays  of  light  are  reflected  from  the  mirror 
and  form  an  image  at  <>l ;  they  then  diverge  and  are  again  made  convergent 
by  the  lens  L  held  in  front  of  the  eye  by  the  observer ;  by  this  means  a 


Fig.  574.— The  courRe  of  the  light  in  examining  the  eye  by  the  indirect  method. 
(T.  O.  Brodie.) 


second  image  is  focussed  just  behind  the  crystalline  lens  of  the  eye  E.  They 
then  again  diverge  and  diffusely  light  up  the  interior  of  the  eyeball.  The 
rays  of  light  reflected  from  two  points  i  and  m  on  the  retina  diverging 
from  the  eye  are  refracted  to  the  glass  lens  L,  and  gives  an  inverted  real 
image  il  ml  larger  than  the  object  i  m.  These  latter  rays  then  diverge,  and 
are  collected  and  focussed  by  the  observing  eye  E1  to  give  an  image  V1  m-  on 
the  retina.     (T.  G.  Brodie.) 
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The  Perimeter. 

This  is  an  instrument  for  mapping  our  the  field  of  vision.  It 
consists  of  a  graduated  are,  which  can  be  moved  into  any  posit  ion, 
and  which  when  rotated  traces  ont  a  hollow  hemisphere,  in 
the  centre  of  this  the  eye  under  examination  is  placed,  the  other 
eye  being  closed.  The  examiner  then  determines  on  the  surface 
of  the  hemisphere  those  points  at  which  the  patient  just  ceases  or 
just  begins  to  see  a  small  object  moved  along  the  arc  of  the  cin-1. 
These  points  arc  plotted  out  on  a  chart  graduated  in  degrees,  and 
hy  connecting  them  the  outline  of  the  field  of  vision  is  obtained. 

Fjg,  575  shows  one  of  the  forms  of  perimeter  very  generally 
employed,  and  fig.  576  represents  one  of  the  charts  provided  with 
the  instrument     The  blind  spot  is  shown,  and  the  dotted  lifie 
teetita  the  normal  uvera-<   field  of  virion  for  the  right  eye. 

It  will  be  seen  that  the  field  of  vision  is  most  extensive  o 
outer  side ;  it  is  less  on  the  inner  side  because  of  the  presence  of 
the  nose. 

By  the  use  of  the  same  instrument,  it  is  found  that  the  colour 
of  a  coloured  object  is  not  distinguishable  at  the  margin,  but  only 
towards  the  centre  of  the  field  of  vision,  but  there  are  differences 
for  different  colours;  thus  a  blue  object  is  seen  over  a  trjdifl 
field  than  a  red,  and  a  red  over  a  wider  field  than  a  green  object. 

In  disease  of  the  optic  nerve,  contraction  of  the  field  of  vision  for 
white  and  coloured  objects  is  found.  This  is  often  Been  before  any 
change  in  the  optic  nerve  is  discoverable  by  the  ophthalmoscope. 


The  Fovea  Centralis. 


This  is  the  region  of  most  acute  vision  ;  when  we  want  to 
an  object  distinctly  we  look  straight  at  it.  It  is  also  the  region 
where  the  colours  of  objects  are  best  distinguishable.  It  IB* 
however*  stated  to  be  less  sensitive  from  one  ]>oitit  of  view  than 
the  zone  immediately  surrounding  it ;  that  is  to  say,  the  minimum 
intensity  of  white  light  which  will  cause  an  impression  is  some- 
what greater.  But  with  this  exception,  the  sensibility  of  the 
retina  diminishes  steadily  from  centre  to  circumference. 

The  yellow  spot  of  one's  own  eye  can  be  rendered  evidt 
what  is  called  Clerk-Maxwells  experiment  :— on  looking  through 
a  solution  of  chrome  alum  in  a  bottle  with  parallel  sides,  an  oval 
purplish  spot  is  seen  in  the  green  colour  of  the  alum.     This  is 
due  to  the  pigment  of  the  yellow  spot. 


. 
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F>f  •  576,— Fferimeter  chart  for  the  right  eyu 
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Colour  Sensations. 

If  a  ray  of  sunlight  is  allowed  to  pass  through  a  prism, 
it  is  decomposed  by  its  passage  into  rays  of  different  colours, 
which  are  called  the  colours  of  the  spectrum;  they  are  red, 
orange,  yellow,  green,  blue,  indigo,  and  violet  The  red  rays 
are  the  least  turned  out  of  their  course  by  the  prism,  and  the 
violet  the  most,  whilst  the  other  colours  occupy  in  order  places 
between  these  two  extremes.  The  differences  in  the  colour  of  the 
rays  depend  upon  the  rapidity  of  vibrations  producing  each,  the 
red  rays  being  the  least  rapid  and  the  violet  the    most.     In 

addition  to  the  coloured 
rays  of  the  spectrum, 
there  are  others  which 
are  invisible  but  which 
have  definite  properties; 
those  to  the  left  of  the 
red  are  less  refrangible, 
being  the  calorific  rajs 
which  act  upon  the  ther- 
mometer, and  those  to  the 
right  of  the  violet,  which 
are  called  the  actinic  or 
chemical  rays,  have  a 
powerful  chemical  action. 
White  light  may  be  built  from  its  constituents  either  physi- 
cally y  as  by  a  second  prism  reversing  the  dispersion  produced  by 
the  first,  or  physiologically  by  causing  the  colours  of  the  spectrum 
to  fall  on  the  retina  in  rapid  succession.  The  best  way  to  study 
the  effects  of  mixing  colour  sensations  is  by  means  of  a  rapidly 
revolving  disc  to  which  two  or  more  coloured  sectors  are  fixed. 
Each  colour  is  viewed  in  rapid  succession,  and  owing  to  the 
persistence  of  retinal  impressions,  the  two  or  more  constituent 
colour  impressions  blend  and  give  a  single  compound  colour. 
(Maxwell.) 

White  light  can  be  produced  by  the  mixture  of  the  three 
primary  colours,  or  even  of  two  colours  in  certain  proportions. 
These  pairs  of  colours,  which  are  roughly  red  and  greenish  blue, 
orange  and  blue,  and  violet  and  yellow,  are  called  complementary. 
The  colours  are  not  of  equal  stimulation  energy,  otherwise  they 
might  be  arranged  around  a  circle;  they  are  more  properly 
arranged  in  a  triangle,  with  red,  green,  and  violet  at  the  angles 
(fig.  577).     The  red,  green f  and  violet  are  selected  on  the  theory 


Fig.  577.— Colour  triangle. 
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of  Helmholtz  that  they  constitute  the  three  primary  colour 
sensations  ;  other  colours  being  mixtures  of  these. 

Thus,  the  Orange  and  yellow  between  the  reo!  ami  great)  are 
mixtures  of  the  red  and  green  sensations ;  the  blue  a  mixture  of 
greeu  and  violet ;  and  the  purples  (which  are  not  represented  in 
the  spectrum)  of  red  and  violet 

Join  the  three  angles  red,  green,  and  violet,  and  one  gets  white 
light ;  or  join  the  blue  and  orange,  which  conies  to  the  same 
thing,  and  one  also  gets  white, 

ELoa  and  orange  on  Maxwell's  disc  give  whit*'  ;  bat  it  is  well  known  that 
a  mixture  of  blue  and  orange  paint  giT68  preen  :  limv  run  oHfl  explain  r 
SupjxTse  the  paint  is  laiil  oti  white  paper  ;  the  white  light  from  the  paper  on 
its  way  to  the  eye  passes  through  transparent  particle*  of  blue  and  oriuijje 
pigment ;  the  blue  particles  only  let  thv  green  ami  vi.jk-t  MDMAlim  reach 
the  iv>,  rod  1  -lit  off  the  red  ;  the  yellow  particles  only  let  the  red  and  j 
through,  and  cut  off  the  violet,  The  red  nnd  violet  being  thus  cut  off,  the 
i  m  only  one  which  reaches  the  eye. 

The  experiments  which  led  Helmboltz  and  others  to  the  seleo- 
tiou  of  greeu,  red,  and  violet  as  the  three  fundamental  colour 
sensations  were  performed 
in  this  way  :  the  eye  under- 
goes exhaustion  to  a  colour 
when  exposed  to  it  for  some 
time ;  suppose,  for  instance, 
the  eye  is  fatigued  for  redt 
and  is  then  exposed  to  a 
pure  yellow  light,  such  as 
that  given  off  by  the 
sodium  llame,  the  yellow 
then  appears  greenish ;  or 
fatigue  the  eye  for  green 
and  then  expose  it  to  blue, 
the  blue  will  have  a  violet 

nr.t.  By  the  repetition  of 
numerous  experiments  of  this  kind,  it  WIS  found  that  the  fatigue 
experienced  manifested  itself  in  three  colours,  red,  green,  and 
violet,  which  were  therefore  selected  as  the  three  fundamental 
ir  sensations. 

The  theory  of  colour  vision  constructed  on  these  data  was 
originated  by  Thomas  ¥oung,  and  independently  discovered  and 
elaborated  by  Helmholtz.  It  is  consequently  known  as  the 
Yonng-Helmholtz  theory.  This  theory  teaches  that  there  are  in  the 
retina  rods  or  cones  which  answer  to  each  of  these  primary  colours, 
whereas  the  innumerable  intermediate  shades  of  colour  are  pro- 
duced by  stimulation  of  the   three   primary  colour  terminals  in 


Fig,  578.—  Diagram  of  the  three  primary  colour 
sensations.  ( Young-Hel  mho  J  tz  theory. 1  1,1* 
the  red  ;  2,  green,  and  t,  violet,  primary  colour 
K'ruiationff,  Thcletterkifrirhl  •li>w« 

uf  the  Mpoctnitii.  The  din  pram  indieatew  by 
th*»  height  of  [In  ■  1 1  rv.  1  .  what  extent  the 
several  primary  nenwitinnrt  r>f  colour  are  ex- 
eited  liy  vibrate  >n«  « if  different  wave  length*. 
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different  degrees,  the  sensation  of  white  being  produced  when  the 
In-  olomentfl  are  equally  excited.  Thus  if  the  retina  is 
later!  by  rays  of  certain  wave  length,  at  the  red  end  of  the 
spectrum,  the  terminals  of  the  other  colours,  green  and  violet, 
are  hardly  stimulated  at  all,  but  the  red  terminals  are  strongly 
stimulated,  the  resulting  sensation  being  red.  The  orange  ray* 
excite  the  red  terminals  considerably,  the  green  rather  more,  and 
the  violet  slightly,  the  resulting  sensation  being  that  of  orange, 
and  so  on  (fig,  577). 

Another  theory  of  eolour  vision  (Hering's)  supposes  that  then 
are  six  primary  eolour  sensations,  viz.: — three  pairs  of  antagonistic 
or  completriental  colours,  black  and  white,  red  and  gTeen,  and  yellow 
and  blue ;  and  that  these  are  produced  by  the  changes  either  of 
disintegration  or  of  assimilation  taking  place  in  certain  substances, 
somewhat  it  may  be  supposed  of  the  nature  of  the  visual  purple, 
which  {the  theory  supposes)  exist  in  the  retina.  Each  of  the 
substances  corresponding  to  a  pair  of  colours,  is  capable  of 
undergoing  two  changes,  one  of  construction  and  the  other  of 
disintegration,  with  the  result  of  producing  one  or  other  1 
Ft  instance,  in  the  white-black  substance,  when  disinter 
is  in  excess  of  construction  or  assimilation,  the  sensation  is  white, 
and  when  assimilation  is  in  excess  of  disintegration  the  reverse  is 
the  case  ;  and  similarly  with  the  red -green  substance,  and  with 
the  yellow-blue  substance.  When  the  repair  and  disintegration 
are  equal  with  the  first  substance,  the  visual  sensation  is  grey; 
but  in  the  other  pairs  when  this  is  the  case,  no  sensation  occurs. 
The  rays  of  the  spectrum  to  the  left  produce  changes  in  the  red- 
green  substance  only,  with  a  resulting  sensation  of  red,  whilst  the 
(orange)  rays  further  to  the  right  affect  both  the  red -g  re 
the  yellow-blue  substances;  blue  rays  cause  constructive  changes 
in  the  yellow-blue  substances,  but  none  in  the  red-green  and  so 
on.  These  changes  produced  in  the  visual  substances  in  the  retina 
:,i,.  perceived  by  the  brain  as  sensations  of  colour. 

Neither  theory  satisfactorily  accounts  for  all  the  nun 
complicated  problems  presented  in  the  physiology  of  colour  vision. 
One  of  these  problems  is  colour  Uuulntm  or  Daltonism,  a  by  no 
means  uncommon  visual  defect  One  of  the  commonest  forms  is 
the  inability  to  distinguish  between  red  and  green.  HetmhoJu's 
explanation  of  such  a  condition  is,  that  the  elements  of  the  return 
which  receive  the  impression  of  red,  etc..  are  absent-,  or  very 
imperfectly  developed,  and  Hering's  would  be  that  the  red  green 
substance  is  absent  from  the  retina.  Other  varieties  of  colour- 
blindness in  which  the  other  colour-perceiving  elements  are  absent 
have  been  shown  to  exist  occasionally. 
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Hering  s  theory  appears  to  meet  the  difficulty  best,  for  if  the 
red  clement  of  Hclmholtz  were  absent,  the  patient  ought  not  to 
be  able  to  perceive  white  sensations,  of  which  red  is  a  constituent 
part:  whereas,  according  to  Merino's  theory,  the  white-black 
visual  substance  remains  intact, 

The  two  theories   that  have  just  been  described   may  be  called 

e  I  ]  issical  theories  of   colour  vision,  at  any  rate  they  are  those 

huh  have  been   for  the  longest  time  before  the  scientific  world, 

i\.  accumulated  it  ban  been  for  tome  yean  recognised 

tfaal  in  my  such  facta  could  not  he  reconciled  with  either  then  . 

and  modification!  of  one  or  the  other  theory  have  been  from 
time  to  time  introduced. 

The  ohs« Tvations  recently  made  by  C,  *b  Bureh  are  of  con- 
siderable importance;  the  following  is  a  brief  aooount  "f  his 
methods  and  results. 

He  Hods  t hrit  exposing  the  eye  to  bright  sunlight  in  the  I 
of  a  burning  glass  behind  transparent  coloured  screens  it  is  pos- 
ifble  to  produce  temporary  colour  blindness.  After  red  light,  the 
i  l-  for  some  minutes  red  -blind,  scarlet  geraniums  look 
black,  yellow  flowers  green,  and  purple  ilowcrs  violet.  After 
violet  light,  violet  looks  black,  purple  flowers  crimson,  and  green 
foliage  rioter  than  usual.  After  light  of  other  colour^  <Mjhs 
podding  effects  are  produced  If  inn1  eye  is  made  purple-blind, 
and  the  other  green-blind,  all  objects  are  seen  in  their  natural 
col o iu*s,  but  in  exaggerated  perspective,  due  to  the  difficulty  the 
brain  experiences  in  combining  the  images  bom  the  two  eyes, 

By  tiding  a  brightly-illuminated  spectrum,  and  directing  the 
eye  to  certain  of  its  colours,  the  eve  in  time  becomes  fatigued 
and  blind  for  that  colour,  so  that  it  is  no  longer  seen  in  the 
spectrum.  Time*  after  green  blindness  is  induced  the  red  ap- 
pears  to  meet  the  blue,  and  no  green  ifi  aeon,  if,  however,  the 
eye  is  exposed  to  yellow  light,  it  does  not  similarly  become  blind 
tor  yellow  only,  but  for  rod  and  green  too,  This  supports  the 
Young  If elmholts  theory  that  the  sensation  yellow  is  ova;  com- 
pounded of  the  red  and  green  sensations.  By  an  exhaustive 
examination  of  the  different  parts  of  the  spectrum  in  this  way  it 
thus  becomes  possible  to  differentiate  between  the  primary  colour 
sensations  and  those  which  are  eotnpound.  By  a  study  of  this 
kind,  Bureh  concludes  that  the  phenomena  of  colour  vision  are  in 
aeo.rdance  with  the  Young-Hclmholtz  theory,  with  the  important 
addition  that  there  is  a  fourth  primary  colour  sensation,  namely, 
blue.  He  could  not  discover  that  colour  sensations  are  related 
to  each  other  in  the  sense  indicated  by  Hering.  Each  may  be 
exhausted  without  either  weakening  or  strengthening  the  others. 
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Those  observations  race  confirmed  by  examining  in  ■  similar 

\\;m    1  hi'  ohmr  sensations    erf  Other  people,  but  there  an 

individual  differences  in  the  extent  bo  which  Hie  colour  m 
overlap. 

Changes  in  the  Retina  during  activity. 

The  method  by  which  a  ray  of  light  is  able  to  stimulate  the 
endings  of  the  optic  nerve  in  the  retina  in  such  a  manner  that  a 
visual  sensation  is  perceived  by  the  cerebrum  is  not  yet  under- 
stood. It  is  supposed  that  the  change  effected  by  the  agency 
of  the  light  which  falls  upon  the  retina  is  in  fact  a  chemical 
alteration  in  the  protoplasm,  and  that  this  change  stimulates 
the  optic  nerve-endings.  The  discovery  of  a  certain  temporary 
reddish-purple  pigmentation  of  the  outer  limbs  of  the  retinal  rod* 
in  certain  animals  (e.g.,  frogs)  which  had  been  killed  in  the  dark, 
forming  the  so-called  rkodopsin  or  visual  purple f  appeared  likely 
to  offer  some  explanation  of  the  matter,  especially  as  it  was  also 
found  that  the  pigmentation  disappeared  when  the  n  U  ex- 

posed to  light,  and  reappeared  when  the  light  was  removed,  and 
also  that  it  underwent  distinct  changes  <d"  colour  when  other  tl 
white  light  was  used.  It  was  also  found  that  if  the  operation 
were  performed  quickly  eumi-h,  the  bleached  image  of  a  hrLdit 
object  (optogram)  might  be  fixed  on  the  retina  by  soaking  the  retina 
of  au  animal  which  has  been  killed  in  the  dark,  in  alum  soluti 

The  visual  purple  cannot  however  be  absolutely  essential  to  the 
due  production  of  visual  sensations,  as  it  is  absent  from  the  retinal 
cones,  and  from  the  macula  lutea  and  fovea  centralis  of  the  human 
retina,  and  doeB  not  appear  to  exist  at  all  in  the  retina?  of  many 
animals,  e.g.>  bat,  dove,  and  ben,  which  are,  nevertheless,  possessed 
of  good  vision. 

However  the  fact  remains  that  light  falling  upon  the  retina 
(a)  bleacher  the  visual  purple,  and  this  must  be  considered  as  one  of 
its  effects*  If  it  produces  chemical  changes  in  other  substances, 
these  must  be  colourless  and  so  extremely  difficult  to  discover. 
The  rhodopsiu  is  derived  in  some  way  from  the  black  pigment 
(melanin  or  fuscin)  of  the  polygonal  epithelium  of  the  retina,  since 
the  colour  is  not  renewed  after  bleaching  if  the  retina  is 
from  its  pigment  layer.  Certain  pigments,  not  sensitive  to  Gght, 
are  contained  in  the  inner  segments  of  the  cones.  These  coloured 
bodies  are  oil  globules  of  various  colours,  red,  green,  and  yellow, 
called  thmmr,phnnf$%  and  are  found  in  the  retinas  of  maj 
(but  not  other  mammals),  birds,  reptiles,  aud  fishes.  Pi 
nothing  is  known  about  the  yellow  pigment  of  the  yellow  spot 
(6)  The  second    change    produced    by    the    action   of    the   light 
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upon  the  retina  is  the  movement  of  ike  pigment  cells.  On  being 
stimulated  hy  light  the  granules  of  pigment  in  the  cells  which 
overlie  the  outer  part  of  the  rod  and  cone  layer  of  tiie  retinn 
dOwt!  into  the  pTOeeoaCO  of  the  oeHs,  which  hang  down 
<  i  11  the  rods  :  these  mtitinin  Gtfiuem  granules  are  generally 
rod  shaped,  ind  itMjk  almost  like  crystals,  (c)  A  thOV&nent  0/ the 
cone*  and  possibly  of  the  rods  occurs,  as  has  been  already  inci- 
dentally mentioned  ;  in  the  light  the  cones  shorten  and  in  the 
dark  they  lengthen  (Engeluinnn).  According  to  the  careful 
researches  of  Dewar  and  McKeudriek,  and  of  Holmgren,  it 
appears  that  the  stimulus  of  light  is  able  to  produce  (d)  a 
variation  of  the  natural  thctrical  'itrrmU  of  the  rrtiwt.  The 
current  is  at  first  increased  and  then  diminished  ;  this  is  the 
electrical  expression  of  those  chemical  changes  in  the  retina  of 
which  we  have  already  spoken. 

MOVEMENTS    OF    TILE    EyEDALL. 

tntsion  of  the  eyeballs  occurs  (i)  when  the  blood-  vessel  a  of 
the  orbit  ?ire  congested ;  (2)  when  contraction  of  the  plain 
muscular  till  res  of  the  capsule  of  Tenon  takes  place ;  these  are 
innervated  by  the  cervical  sympathetic  nerve  ;  and  (3)  in  the 
disease  called  exophthalmic  goitre. 

Itftrtutitttt  occurs  (1)  when  the  lids  are  closed  forcibly;  (2) 
when  the  blood-vessels  of  the  orbit  are  comparatively  empty  j 
(3)  when  the  fat  in  the  orbit  is  reduced  in  quantity,  as  during 
starvation ;  and  (4)  on  section  or  paralysis  of  the  cervical 
sympathetic  nerves. 

The  most  important  movements,  however,  are  those  produced 
by  the  six  ocular  muscles. 

The  eyeball  possesses  the  power  nf  movement  around  three  axes  indicated 
ir'  titf-  579.  V*K-  an  antero-p'jeterior,  a  vertical,  and  a  transverse,  passing 
through  a  centre  of  rotation  a  little  behind  the  centre  of  the  optic  axis. 
The  Bote  nenta  are  accomplished  by  pairs  of  muscles. 

Direction  of  movement. 

I  a  wards 

Outwards 


Upwards  . 

Downwards 

In  wants  and  upwards 

Inwards  and  downwards 

Outwards  ami  upwards    . 

Outwards  and  downwards 


By  what  muscles  accomplished* 

Internal  rectus. 

External  rectus, 
uerior  rectus. 
I  Fnfflriqi  uhlique.. 
1  Inferior  rectus, 
)  Superior  oblique. 
J  I eternal  and  superior  rectus, 
j  Inferior  oblique. 
\  Internal  and  inferior  rectus. 
I  Superior  oblique. 
\  Kxteraal  and  superior  rectus, 
j  Inferior  oblique. 

External  and  inferior  rectus. 


ISn; 


perior  oblique. 


766 


vision. 


These  muscles  urc  all  supplied  by  the  third  nerve  except  the 
superior  oblique  which  is  supplied  by  the  fourth  and  the  external 
rectus  by  the  sixth  nerve, 

The  muscles  of  the  two  &y<Bfi  act  simultaneously,  so  that  images 
of  the  objects  looked  at  may  fall  on  corresponding  points  of  Mm 
two  retina?.  The  inner  side  of  one  retina  corresponds  to  the 
outer  side  of  the  other,  so  that  any  movement  of  one  eye  mwaida 
must  be  accompanied  by  a  movement  of  the  other  eye  outwards. 


J^GT*  579.— Diagram  ui  tut?  turn*  »i  nAataua  iu  tiie  rye,     1  iu-  cam  imw  indicate  axot  of 
rotation,  the  thick  the  pemitiou  ui  muaculur  aEUr  htueiit. 

U  one  eyeball  is  forcibly  fixed  by  pressing  the  finger  against  it  n 
that  it  cannot  follow  the  movement  of  the  other,  the  result  is 
double  vision  {diplopia))  because  the  image  of  the  objects  looked 
at  will  fall  on  points  of  the  two  retinas  which  do  not  correspond, 
The  same  is  experienced  in  a  squint,  until  the  brain  learns  to 
disregard  the  image  from  one  eye. 

If  the  external  rectus  is  paralysed,  the  eve  will  squint  inwards; 
if  this  occurs  in  the  right  eye  the  false  image  will  lie  on  the  right 
side  of  the  yellow  spot,  and  appear  in  the  field  of  vision  to  the 
left  of  the  true  image.  If  the  third  nerve  is  paralyse*  1,  the  ease 
is  a  more  complicated  one  :  owing  to  the  paralysis  of  the  b 
pal pe brie  auperioris,  the  patient  will  be  unable  to  raise  his  upper 
Lid  ( ptosis)f  and  so  in  order  to  see  will  walk  with  his  chin  in  the 
air.      If  the  paralysis  is  on  the   right  side,  the  eyeball  will  squnit 
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Various  Positions  of  the  EyoballH. 


lownwards  and  to  the  right;   the  false  image  will  be  formed  below 

and  to  the  right  of  the  yellow  spot,  and  the  apparent  fmagit  in 

the  field  of  Vision  will  confer] nnitly  appear  above  and  to  the  left 
of  the  true  image,  and  owing  to  the  squint  being  an  oblique  one, 
the  false  image  will  slant  in  a  corresponding  direction. 

All  the  movements  of  the  eyeball  take  place  around  the  point 
of  rotation,  which  is  situated  177  mm.  behind   the  centre  of  the 

I  visual  axis,  or  10*9  mm*  behind  the  front  of  the  cornea. 
The  three  axes  around  which  the  movements  occur  are  : — =■ 
1,  The  visual  or  anteroposterior  axis. 
2.  The  tnmtwru  axis,  which  connects  the  points  of  rotation  of 
the  two  eyes. 
3,   The  vertical  axis,  which  passes  at  right  Rubles  tu  the  other 
two  ua  through  their  point  of  intersection. 

The  line  which  connects  the  fixed   point  in  the  outer  world  at 
which   the   eye   is  looking   to  the  point  of  rotation  is  called  the 
NjfljJ  tine.     The  plane  which  passes  through  the  Two  visual  lines 
is  called  the  w'xnal  p&MM. 

The  various  positions  of  the  eyeballs  are  designated  prima  1  v. 
secondary,  and  tertiary. 

The  primary  pavilion  occurs  when  both  eyes  are  parallel,  the 
visual  lines  being  horizontal  (at  in  looking  at  the  horizon). 
1 1 A  try  j><  n  U  «>ns  are  of  t  w  o  k  i  lid  s  :- — 
( r )  The  visual  lines  are  parallel  but  directed  either  upwards  or 
downwards  from  the  horizontal  (us  in  looking  sit  the  sky). 

(2)  The  visual  lines  are  horizontal,  but  converge  towards  one 
another  (afl  in  looking  at  a  small  object  near  to  and  immediately 
OH  the  same  level  ss  tin    eyes). 

Tertiary  positions  are  those   in  which  the  visual   lines  are  not 
horizontal,  and  converge  towards  one  another  (as  in   looking 
the  tip  of  the  nose). 

It  is  possible  to  oonceive  positions  of  the  eyeballs  in  which  tin* 

visual  lines  diverge  from  one  another  ;  but  BUch  positions  do  tlOl 

P  occur  in  normal  vision  in  man. 
Both  eyes  are  moved  simultaneously,  oven  if  one  of  them 
happens  to  be  blind.  They  are  moved  so  that  the  object  in  the 
outer  world  is  focoased  on  the  two  yellow  spots,  or  other  corre- 
sponding points  of  the  two  retina?.  The  images  which  do  not 
fall  on  corresponding  points  are  seen  double,  but  these  Rre 
disregarded  by  the  brain,  which  only  pays  attention  to  those 
images  which  fall  on  corresponding  points. 
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The  following  diagrams  will  assist  us  in  understanding  ebon 
fully  what  is  meant  bj  corretpo&ding or  id  ints  of  the  two 

retime. 

If  K  and   L   (fig.    580)  represent  the   right  and    left   r 
respectively,  0  and  0'  the  two  yellow  spots  are  identical ;  so  are 
A  and  A',  both  being  the  same  distance  above  O  and  0'.     IV 
corresponding   point   to    B  on   the    inner  side  of  0  in   the  right 


Fiif.  580.— Identical  potato  of  the  retime. 

retina,  is  H',  a  point  to  tin-  same  distanoe  OQ  t lie  outer  side  of  0' 
in  the  left  retina  ;  similarly  G  and  {?  are  identical.  The  two 
blind  spota  X  and  X'  arc  DOt  identical. 

Rg«    581    shows   the  same  thing  in  rather  a  different  way; 
A  and  1 1  represent  a  horizontal   section   through  the  two  r> 
the  points  a  a',  b  b\  and  c  c\  being  identical.      In  the  lower  part 

of  the  diagram  is  shown  the  way 
in  which  the  brain  combines  the 
images  in  the  two  retime,  one  m 
it  were  overlapping  bo  as  to 
coincide  with  the  other. 

The  llm-Qpttr  is  the  name 
given  to  the  surface  in  the 
outer  world  which  contains  all 
the  points  which  fall  on  the 
identical  points  of  the  retina:. 
The  shape  of  the  horopter  will  vary  with  the  position  of  th> 
balls.  In  the  primary  position,  and  in  the  first  variety  of  the 
secondary  position,  the  visual  lines  are  parallel  ;  hence  the 
horopter  will  be  a  plane  at  infinity,  or  at  a  great  dist;«: 

In  the  other  variety  of  the  secondary  position,  and  in  tertiary 
positions  in  which  the  visual  lines  converge  as  when  looking  at  a 
near  object,  the  horopter  is  a  circle  (fig.  582}  winch  passes  through 
the  nodal  points  of  the  two  eyes,  and  through  the  fixed  point  (I)  in 
the  outer  world  at  which  the  eyes  are  looking,  and  which  will  OOn- 


Fig.  581.— Diagram  to  »how  the  co»  respond- 
ing parte  of  both  retina?. 
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sequently  fall  on  the  two  yellow  spots  (0,and  0').  All  other  points  in 
this  circle  (II,  III)  will  fall  on  identical  points  of  the  two  retinae. 
The  image  of  II  will  fall  on  A  and  A' ;  of  III  on  B,  and  B' ;  it  is 
a  very  simple  mathematical  problem  to  prove  that  0A  =  0'A', 
and  0B  =  0/B/. 

This,  however,  applies  to  man  only,  or  to  animals  with  both 
eyes  in  front  of  the  head ;  in  those  animals  in  which  the  eyes 
are  lateral  in  position,  and  the  visual  lines  diverge,  the  problem 
of  bilateral  vision  is  a  very  different  one. 


Nervous  Paths  in  the  Optic  Nerves. 

The  correspondence  of  the  two  retinae  and  of  the  movements 
of  the  eyeballs  is  produced  by  a  close  connection  of  the  nervous 
centres  controlling  these  phenomena,'  and  by  the  arrangement  of 


Left  Retina  Right  Retina 


Fig.  582.— The  Horopter,  when  the 
eyes  are  convergent. 


LefT-  -"Right 

Hemisphere       Hemisphere 

Fig.   583.— Course  of  fibres  at 
optic  chiasma. 


the  nerve-fibres  in  the  optic  nerves.  The  crossing  of  the  nerve- 
fibres  at  the  optic  chiasma  is  incomplete,  and  the  preceding 
diagram  (fig.  583)  gives  a  simple  idea  of  the  way  the  fibres  go. 

It  will  be  seen  that  it  is  only  the  fibres  from  the  inner  portions 
of  the  retinae  that  cross;  and  that  those  represented  by  con* 
tinuous  lines  from  the  right  side  of  the  two  retinae  ultimately 
reach  the  right  hemisphere,  and  those  represented  by  interrupted 
lines  from  the  left  side  of  the  two  retinae  ultimately  reach  the 
left  hemisphere.  The  two  halves  of  the  retinae  are  not,  however, 
separated  by  a  hard-and-fast  line  from  one  another ;  this  is  repre- 
sented by  the  two  halves  being  depicted  as  slightly  overlapping, 
and  this  comes  to  the  same  thing  as  saying  that  the  central 
region  of  each  retina  is  represented  in  each  hemisphere.  The 
k.p.  8  D 
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fibres  (represented  by  finely  dotted  lines  in  the  diagram)  connect- 
ing the  two  tet&XIfl  and  the  two  hemispheres  are  problematical. 

The  part  of  the  hemisphere  concerned  in  vision  is  the  oe< 
lobej  Mini   the  reader  should   turn  back  to  our  previous  consider** 
tion   of   this  subject    in   connection  iwtib  •  B|  thf 

phi BQOIBHMI  of    hemianopsia    (p.    66 2),    mid    the    conjugate 
tion  of  head  an  pp ,663,  066).      The  following  illustration, 

though  only  diagrammatic,  will  assist  the  reader  in  more  fully 


r  Nerve 


tig.  584.— Relation*  of  nerve  cells  and  flb«*  of  visual  apparatus.    (After  Sdiifcr.) 

comprehending  the  paths  of  visual  impulses,  and  the  central  con 
ona  of  the  nerves  and  nerve-centres  concerned  in  the  pro- 
cess. The  fibres  to  the  lateral  geniculate  body  end  there  bj 
arborising  around  its  cells,  and  a  fresh  relay  of  fibres  from  tin  m 
cells  passes  to  the  cortex  of  the  occipital  lobe,  'those  to  the  ante- 
rior corpus  quad rigetni mini  are  continued  on  by  a  fresh  relay  to 
the  nucleus  of  the  third  nerve,  the  cells  of  which  are  also  sur- 
rounded by  arborisations  of  the  axis  cylinder  processes  of  the 
cortical  cells 
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The  psychical  or  mental  processes  which  constitute  the  visual 
sensation  proper  have  been  studied  to  a  far  greater  degree 
is  possible  in  connection  with  other  forms  of  sensation. 

We  have  already  seen  that  in  spite  of  the  reversion  of  the 
image  in  the  retina,  the  mind  sees  objects  in  their  proper  posi- 
tion, the  sense  of  sight  being  here  educated  in  great  measure  by 
that  of  touch* 

We  are  also  not  conscious  of  the  blind  spot.  This  is  partly 
due  to  the  fact  that  those  images  which  fall  on  the  blind  spot  of 
one  eye  are  not  focussed  there  in  the  other  eye.  But  even  when 
one  looks  ftt  objects  with  one  eye,  there  is  no  blank,  the  UW 
corresponding  to  the  blind  spot  being  closed  up  by  a  mental 
process. 

Oar  estimate  of  the  giie  of  various  objects  is  based  partly 
on  the  viaual  angle  under  which  they  are  seen,  but  much 
more  on  the  estimate  we  form  of  their  distance.  Thus  a 
lofty  mountain  many  miles  off  may  be  seen  under  the  same 
visual  angle  as  a  small  hill  near  at  hand,  but  we  infer  that 
the  former  is  much  the  larger  object  because  we  know  it  is  much 
further  off  than  the  hill.  Our  estimate  of  distance  is  often  erro- 
neous, and  consequently  the  estimate  of  size  also.  Thus  persons 
seen  walking  on  the  top  of  a  small  hill  against  a  clear  twilight 
sky  appear  unusually  large,  because  we  over-estimate  their  dis- 
tance, and  for  similar  reasons  most  objects  in  a  fog  appear 
immensely  magnified.  The  same  mental  process  gives  rise  to  the 
idea  of  depth  in  the  field  of  vision  ;  this  idea  is  fixed  in  our 
mind  principally  by  the  circumstance  that,  as  we  ourselves  move 
forwards,  different  images  in  succession  become  depicted  on  our 
retina,  so  that  we  seem  to  pass  between  these  images,  which  to  the 
mind  is  the  same  thing  as  passing  between  the  objects  themselves. 

The  action  of  the  sense  of  vision  in  relation  to  external  objects 
is,  therefore,  quite  different  from  that  of  the  sense  of  touch.  The 
objects  of  the  hitter  sense  are  immediately  present  to  it ;  and  our 
own  body,  with  which  they  come  in  contact,  is  the  measure  of 
their  size.  The  part  of  a  table  touched  by  the  hand  appears  as 
large  as  the  part  of  the  hand  receiving  an  impression  from  it,  f»*r 
tli«'  part  of  our  body  in  which  a  sensation  is  exi-il < •> ].  is  here  the 
■fMWTmm  by  which  we  judge  of  the  magnitude  of  the  object.  In 
the  sense  of  vision,  on  the  contrary,  the  images  of  objects  are 
mere  fractions  of  the  objects  themselves,  realised  upon  the  retina, 
the  extent   of    which    remains    constantly   the   same.     But   the 
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Humiliation,  which  analyses  the  sensations  of  vision,  invests  the 
Image!  of  objects,  together  with  the  whole  field  of  vision  in  the 
retina,   with  very  varying  dimensions;  the   relat;  -  >f  tfcfl 

image  in  proportion  to  the  whole  field  of  vision,  of  of  the  affected 
parts  of  the  retina  to  the  whole  retina,  alone  i 

The  estimation  of  the  form  of  bodies  by  sight  is  the  result 
partly  of  the  mere  ■e&aat&OQ,  and  partly  of  the  association  ol 
Since  the  form  of  the  images  perctiTed  by  the  retina 
depends  wholly  on  the  outline  of  the  part  «>f  the  retina  affected, 
the  sensation  alone  is  adequate  t<>  the  distinction  of  superficial 
forms  from  each  other,  M  of  ji  square  from  a  circle.  Hut 
the  idea  of  a  solid  body  like  a  sphere,  or  a  cube,  can  only  be 
it nmed  by  the  action  of  the  mind  constructing  it  from  the 
different  superficial  images  seen  in  different  positions  ol  the  tijt 
with   regard   to  the  object,   and,  as  shown   by    Wbeavtftl 


Fi(5-  5*5-— Diagram*  to  illustrate  how  u  judgment  of  *  figure  of  thiw  dinuurunoo*  t»  ntititnufl 


illustrated  in  the  stereoscope^  from  two  different  perspective  pro- 
ject tons  of  the  body  being  presented  simultaneously  to  the  mind 
by  the  two  i  yes.  Hence,  when,  in  adult  ago,  sight  is  suddenly 
restored  to  persons  blind  from  infancy,  all  objects  in  the  6i 
vision  appear  at  first  as  if  painted  flat  on  one  surface;  and  no 
idea  of  solidity  is  formed  until  after  long  exercise  of  the  sense  of 
vision  combined  with  that  of  touch. 

Thus,  if  a  cube   is   held   at  a  moderate  distance   before  the 
eyes,  and  viewed  with  each  eye  successively  while  the  head  U 
kept  perfectly  steady,  a  (fig*  585)  will  be  the  picture  presented 
to  the  right  eye,   and  n  that  seen    by  the    left  eye,       Wheat- 
stone  has  shown  that  on  this  circumstance  depends  in  a  gnat 
meaMire  our  conviction  of  the  solidity  of  an  object,  or   < 
projection  in   relief.      If  different  perspective  drawings  of  a 
body,   one  representing  the  image  seen  by  the  right  eye,  the 
other  that  seen   by  the  left  (for  example,  the  drawing  of  a  cube* 
a,  b,   fig.   5M5)   be  presented  to  corresponding  parts  of   the 
retijue,  as  may  be  readily  done  by  mean*  of  the  stereoscope,  the 
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mind    will    perceive    not  merely    a   single  representation  of  the 
Object*  bat  A  body  projecting   in  relief,   the  exact    counterpart  of 

that  from  which  the  drawings  *rere  m&de. 

By   transposing   two   stereoscopic   pictures  a  reverse  effect  is 

pnniuced  ;  the  elevated  parts  appear  to  be  depressed,  and   tflfia 

t>trm>     An  instrument  contrived  with  this  purpose  is  termed  a 

Viewed   with    this  instrument  R  bast  appears  as  a 


B 


Fig-  $1*6.— Diagram  to  ill  titrate  visual  illtuiooi. 

hollow  mask,  and  as  may  readily  be  imagined  the  effect  is  most 
bewildering. 

The  cleamci*  with  which  an  object  is  pvr<  rived  irrespective  of 
accommodation,  would  appear  to  depend  largely  on  the  number 
Of  rods   and   cones   which   its  retinal    image  covers.      Hence  the 


Fig.  s*7.— Pamuel  puzzle. 

uearer  an  object  is  to  the  eye  (within  moderate  limits)  the  more 
clearly  are  all  its  details  seen.  Moreover,  if  we  want  carefully  to 
examine  any  object,  we  always  direct  the  eyes  straight  to  it,  so 
that  its  image  shall  fall  on  the  yellow  spot  where  an  image  of  a 
given  area  will  caver  a  larger  number  of  cones  than  anywhere  else 
KB  the  retina.  It  has  been  found  that  the  images  of  two  points 
must  be  at  least  3  \l  apart  on  the  yellow  spot  in  order  to 
be  distinguished  separately  ;  if  the  images  are  nearer  together, 
the  points  appear  as  one.  The  diameter  of  each  cone  in  this  part 
of  the  retina  is  about  3  /1. 

Visual  judgments  are  not  always  correct;  there  are  a  large 
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number  of   puzzles   and   toys    which  dej>end   on  visual    illttsions. 
TWO  Of  the  Lest  known  are  represented  in  the  preceding  diagrams 

In  fig.  586,  a,  IJ,  and  C  are  of  the  same  size  ;  but  A  looks  taller 
than  itt  while  r  appears  !<>  cover  a  leas  area  than  either, 

In   fig.  587,  the  horizontal   lines  are  parallel,  though   th 
not  appear  so,  owing  to   the   mind  being  distracted  by  th« 
crossing  lines. 


CHAPTER    LYI. 

TROPHIC    NERVI 

Nerves  exercise  a  trophic  or  nutritive  influence  over  the  1 
and  organs  they  supply.  The  chemical  changes  that  occur  during 
the  nutrition  of  a  living  cell  may  he  summed  up  in  the  word 
metabolism  ;  and  this  includes  two  kinds  of  changes  ;  a>> 
phenomena,  that  is  the  process  of  building  up  protoplasm  from 
food  material  ;  and  kakilolic  phenomena,  those  in  which  there  ia  a 
breaking  down  of  protoplasm,  and  a  consequent  formation  of 
simpler  waste  products. 

Some  nerves  increase  the  building-up  stage  of  metabolism ; 
these  are  termed  anabolic.  Such  a  nerve  is  the  vagus  iu  reference 
ia  the  heart ;  when  it  is  stimulated  the  heart  beats  more  slowly 
or  may  stop,  and  is  thug  enabled  to  rest  and  repair  its  waste. 
The  opposite  kind  of  nerves  (kfttabolio)  are  those  which  lead  to 
increase  of  work  and  so  increased  wear  and  tear  and  formation  of 
waste  products,  Such  a  nerve  in  reference  to  the  heart  is  the 
synipatheth  . 

There  has  been  considerable  diversity  of  opinion  as  to  whether 
trophic  nerve-fibres  are  a  distinct  anatomical  set  of  nerve-fibres, 
or  whether  all  nerves  in  addition  to  their  other  functions  exercise 
a  trophic  influence. 

When  a  nerve   gmng   to  an   organ  is   eutT  the  wasting    of  tbti 
nerve  itself  beyond  the  cut  constitutes  what  we  have  learnt  to  call 
Wallerian  degeneration,  but  the  wasting  process  continues  be] 
the   Derre  ;   the  muscles  it  supplies  waste  also,  and  waste  much 
more  rapidly  than  can  be  explained  by  simple  disuse.      The  same 
is  seen  in  the  testicle  after  section  of  the  spermatic  cord 
in    the   disease   of   joints  called    Charcot's  disease,   the   trophic 
changes  are  to  be  explained  by  disease  of  the  uerves  - 
them. 

From  these,  and  numerous  other  instances  that  might  be  jj 
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there  is  no  question  that  nerves  do  exert  si  trophic  influence; 
the  question,  however,  whether  this  in  due  to  special  nerve  fibres 
has  been  chietly  worked  out  in  connection  with  the  fifth  cranial 
Mrra 

After  the  division  of  this  nerve  there  is  loss  uf  sensation  in  the 
corresponding  side  of  the  face  :  the  cornea  in  two  or  three  d;iv> 
U igim  to  get  « >\K\.t \\\i_\  tad  this  is  followed  by  a  slow  inflammatory 
process  whir] i  in;t\  lead  to  a  destruction  not  only  of  the  cornea, 
but  of  the  whole  eyeball,  Tbe  same  is  seen  in  man  ;  when  the 
fifth  nerve  is  diseased  Off  pressed  upon  by  a  tumour  beyond  the 
Gasserian  ganglion  the  result  is  loss  of  sensation  in  the  face 
Bad  conjunctiva,  an  eruption  (AeiJJit)  appears  on  the  face,  and 
ulceration  of  the  cornea  leading  in  time  to  disintegration  of  the 
eyeball  may  occur  too.  In  disease  of  the  spinal  ganglia  there  is 
u  similar  herpetic  eruption  on  the  skin  (shinf/lts). 

In  the  case  of  the  fifth  nerve  the  evidence  that  there  are 
special  nerve  fibres  to  which  these  trophic  changes  are  due,  is  an 
experiment  by  Mdssner  and  Buttuer,  who  found  that  division  of 
the  most  internal  fibres  is  most  potent  in  producing  them. 

Those,  however,  who  do  not  believe  in  special  trophic  nerves, 
attribute  the  changes  in  the  eyeball  to  its  loss  of  sensation. 
Dust,  etc.,  is  not  felt  by  the  cornea,  it  is  therefore  allowed  to 
accumulate  and  set  up  inflammation.  This  is  supported  by  the 
fact  that  if  the  eyeball  is  protected  bj  sewing  the  eyelids  together 
the  trophic  results  do  not  ensue.  On  the  other  hand,  in  paralysis 
of  the  seventh  nerve,  the  eyeball  is  much  more  exposed,  and  yet 
no  trophic  disorders  follow. 

Others  have  attributed  the  change  to  increased  vascularity  due 
to  disordered  vaso-motor  changes ;  but  this  is  negatived  by  the 
fact  that  in  disease  of  the  cervical  sympathetic,  the  disordered 
vaso-motor  phenomena  which  ensue  do  not  lead  to  the  disorders 
of  nutrition  we  have  described. 

There  can,  therefore,  be  but  little  doubt  that  we  have  to  deal 
with  the  trophic  influence  of  nerves  ;*  but  the  dust,  etc.,  which 
falls  on  the  cornea  must  be  regarded  as  the  exciting  cause  of  the 
ulceration.  The  division  or  disease  of  the  nerve  acts  as  the 
pw'ttispoimg  cause.  The  eyeball  is  more  than  usually  prone  to 
undergo  inflammatory  changes,  with  \vy\  small  provocation. 

The  same  explanation  holds  in  the  case  of  the  influence  of  the 
vagi  ou  the  lungs.  If  I  Kith  these  nerves  are  divided,  the  animal 
usually    dies    within    a    week    or    a    fortnight   from    a    form  of 


*  The  proof,  however,  that  there  are  distinct  nerve^fibres  anatomically  is 
not  very  conclusive. 
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pneumonia  called  vaffvs  pneumonia,  in  which  gangrene  of  the 
lung  substance  is  a  marked  characterise .  Here  the  pffediqpoai&g 
caiuse  is  the  division  o£  the  trophic  fibres  in  the  pneuniogastrie 
nerves;  the  exciting  cause  is  the  entrance  of  particles  of  food 
into   the  BJ  Uirli   on   aceount  of  1 1 »  isation 

in  the  hirynx  and  neighbouring  parts  are  not  coughed  up, 
Another  trophic  distufbaooe  that  follows  Amman  of  the  tigi  i* 

fatty  defeneration  of  tlnj  heart. 

We  shall  conclude  by  giving  one   more  instance    of   trophic 
disturbance  due  to  nervous  disease,  and   this  is  the  ease  of   bed- 
sores.    Many  bed  sores  are  due  to   prolonged  confinement  in  bed 
with  bad  nursing ;    these  are  of  slow  onset.     But  there  is  one 
class  of  bed-sores  which  are  acute  ;   these  are  especial! j 
in   cases  of  paralysis,   due    to   disease  of  tlie   spinal    eotd  j  they 
•  one    ou  in  three  or  four  days  after  the  onset  of  the  paral 
spite  of  t lie  most  careful  attention;   they  cannot  be  explained  by 
vaso-motor  disturbance,    nor    by   loss   of   sensation  ;  there   is,  in 
fact,  DO  doubt  they  are    of    trophic  origin  ;   the   nutrition  I 
skin    is  so  greatly  impaired  that  the  mere  contact  of  it  with  the 
bed   for  a  few  days  is  sufficient  to  act  as   the   exciting  cause  of 
the  sore. 


CHAPTER  LVIL 
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The  reproductive  organs  consist  in  the  male  of  the  two 
which  produce  spermatozoa,  and  the  ducts  which  lead  from  them, 
and   in   the   female  of   ihe  two  ovaries  which   produce  ova,  the 
Fallopian  tubes  or  oviducts,  the  uterus,  and  the  vagina, 


Male  Organs. 

The  testis  is  enclosed  in  a  serous  membrane  called  the  A 
m<j}nati*t  originally  a  part  of  the  peritoneum.      When    tin 
de&  <  rids  into  the  scrotum  it  carries  with  it  this  part  of  the  pin 
toneum,  which  then   gets   entirely  cut  off  from   the   remainder  of 
that   serous  membrane.      There   are,    however,   many  an  in 
which  the   testes  remain  permanently  in   the  abdomen.      T3m 
external  covering  of  the  testicle  itself  ia  a  strong  fibrous  capsule, 
called,  on  account  of  its  white  appearance,  the  tunica  albuginea. 
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ug  from  it*  inner  surface  are  a  Dumber  of  §epta  or  trabe- 
cule, which  ■liivi.h.-  tin  offgail  imperfectly  into  lobules.  On  the 
posterior  aspect  of  the  organ  the  capsule 
is  greatly  thickened,  and  form  a  a  mass  of 
hbrous  tissue  called  the  Corp**  High- 
moriemum  (body  of  Highmoro)  01  wtadBw- 
tinum   te&ti*.    Attached    to  this  is  a    much 


8.— Flan  *»f  a  vertical 
of  Um  Ii 
showing  tin-  Jirrange- 
mciit  oi  the  ducts*  The 
i  Ti  jrth  and  diameter 
of  the  durt*  haw  been 
disregarded,  a  a,  tubuli 
jN  il  up  in 
the  separate  lube*;  b, 
tubuli  recti;  <-,  rete 
tostin ;  ti,  rasa  efferent!* 
ending  in  the  eoni  va*t-u- 
loni;  /,  a  ft  eon  vol  u  ted 
canal  of  the  epnlMymin  ; 
a,v*h<j  eotton 

Of  the  baek  part  of  the 
tunica  albugiuea;  L  i, 
nbrous  pruceMses  running 
between  the  lobes ;  «,  me- 
ilui-t  limit  l. 


Fig.  589.— Section  of  a  tubule  of  the  testicle  of  a 
rat*  to  show  the  formation  of  the  ^na  ri 
nTepermat<'/..»i  ,  t>.  <•  11 ....  -ustintaeu- 

lar  ceils,  to  which  the  spermatozoa  are  ad- 
herent ;  *i,  basement  membrane ;  r,  connective 
tissue.    (Cadiat.) 


Fig.  590,— Fi"ni  ftMOttOfl  Of  Um  testis  of  dw,  who  wing  portions  of  mgaJBl]  tut-*<,  A, 
WJBllfUl  f-pithelial  cells,  and  numerous  small  cells  loosely  arranijvd  ;  B,  the  small  cells 
or  spenuati  >hla*,ts  eotiverted  into  spermatozoa ;  C,  groups  of  these  in  a  further  stage  of 
development,    (Klein.) 

convoluted  tube,  which  forms  a  mass  called  the  epididymis*  This 
receives  the  ducts  of  the  testis,  and  is  prolonged  into  a  thick  walled 
tube,  the  va*  d$feremt  by  which  the  semen  pasies  to  the  urethra 


• 
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The  itself  o  imposed  of  convoluted  tubes.   Kaeh  of  these 

commences  near  the  tunica  albuginea,  find  terminates  after  join- 
ing with  others  in  a  stxihjht  tubul^  which  passes  into  the  body  of 
Highmore,  where  U  forms  a  network  i  r)  by  communicating 

by  br&nehee  with  those  of  other  straight  tubules,.  From  the  rete 
about   twenty  elferenl    duels  (vom  effermtia)  arise,  which  become 


Fig.  591. — Section  of  the  epididymis  of  a  dog— The  tube  i*  cut  in  arrcrel 
puteea,  both  true  aversely  and  obliquely;  it  )m  «een  to  be  lined  by  * 
ciliated  epithelium,  the  nuclei  of  which  axe  well  abown.    c,  connective 


[nitinnild ) 

convoluted  to  farm  the  coni  vasentosi,  and  then  pass  into  the  tube 
of  the  epididymis. 

The    convoluted   or   seminifertm*    tubules   have    the   toiler 
structure  :  each  is  formed  externally  of  a  thick  basement  mem- 
brane, consisting  of  several  layers  of  flattened  cells.      Next  comes 
the  limwj  epithelium  of  clear  cubical  cells,  a  few  of  which 
karyokinetic  figures  in  their  nuclei,  indicating  they  are  about  to 
divide*     Some  of  these  cells  are  longer  than  the  rest,  and  project 
into  the  cavity  of  the  tube,  where  they  form  a  connection  with 
groups  of  developing  spermatozoa.     They  are  called  fuel 
cells. 

Next  to  tlie  lining  epithelium  is  a  zone  of  larger  cells,  two  or 
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three  deep.  These  are  called  sperm*  t  t*>*p  «*V  reft* ;  the  nuclei 
of  nearly  all  of  these  show  karyukinetic  iigmvs.  Most  internal 
of  all  are  a  large  number  ol  sm;ill  Delia  with  circular  nuclei.   They 

called   spertnatMust*.      In   other  tubules   tlif   KpcrmatoKl 
may  be  seen  in  various  stages  developing  into  sprrmatoziKi  |   they 
become  elongated  :  their  nucleus   u    at   one  end,   and    from   the 
other  a  tail-like  process  grows;  groups  of  the  young  spermatozoa 
apply   their   heads  to  the   sustentacula!    cells,  from  which   they 


I  •  •  tion  of  the  base  of  the  MaiMer  unrt  prostate  gland.  efcow&Bf  the  veaJculje 
•croinale*  and  Tarn  deferent  in.  a.  lower  eivflttB  of  (fee  Madder  at  tiba  place  of  re- 
twtJOB  Of  tike  perttdDWn  ;  ft,  the  part  above  covered  by  the  peritoneum  ;  »,  left  van 
tk'ft'reriH,  anting  in  t,  the  ejaculatory  duel  ,  tkw  TM  deferen*  nan  Iwea  divided  near  i, 
and  all  eatecpl  th«'  paafcaJ  portion  hn*  been  taken  uway  ;  *,  left  ve*itou^»eminali»  piminK 
the  aame  duet ;  .«  *,  febe  ((grill  v*w  deferens  and  rijfht  veajcula  aeminalia,  which  ha* 
been  vBiwreOed  ;  p,  miliar  aide  "f  the  proatate  ylajid ;  «*,  part  of  the  urethra ;  a  h,  the 
ureter*  [cut  abort),  the  right  ane  tamed  aaide,     (Haller.) 


derive  nutriment  ;  their  tails  project  into  the   lumen  ;  thev  <  vm 
tnallv  become  free. 

The  ttraight  tubuU*  consist  of  basement  membrane  and  lining 
cubical  epithelium  only. 

The  interstitial  connective  tissue  of  the  testis  is  loose,  nil 
contains  numerous  1  vni]di;itie  clefts.  Lying  in  it  M900mpWljiDg 
the  blood -vc-  brands  of  polyhedral  epithelial   cells,  of  a 

Yellowish  colour  (mterttitial  celt*)* 

The  tttf>ttfas  of  the  rete  testis  are  lined  by  cubical  epithelium  ; 
the  basement  membrane  is  absent* 
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The  pom  'jjttfntia,  son  ml  epididymis  are  lined  by 

columnar   cells,  with  very  long   cilia.      There   is   a   good  deal  of 
muscular  tissue  in  their  units. 

The  rent  consists  of  a  muscular  wall  (miter  layer  longi- 

tudinal, middle  circular,    inner   longitudinal),  lined    by  a    mm 
membrane,  the  inner  surface   of  which   is  covered  by  columnar 
epithelium. 

Tin-  p&UuhB  teminalei  arc  outgrowtbe  of  the  vas  deferens. 
Kach  is  a  much  convoluted,  branched,  an  1  Islflflllfatcid  tube  of 
structure  rimifar  bo  that  ^i  the  vas  deferens,  eioept  that  the  wall 

is  thinner. 

The  pmii   is   composed  of  cavernous  tissue   covered   by  skin. 


Fiff-  593*— Brocftile  ti*ni*»  of  UV  hwaafl  peni».    n,  fihrou*  trabecule  with  their  ordinary 
cftpiUari<f ;  *,  ae<  tion  of  lha  vtaflOi  .xinuaes ;  a,  muscular  twmie.     (Cadi 

The  cavernous  tissue  is  collected  into  three  tr*cte,  the  two  corpora 
eovcmoM  and  the  corpus  tpomgiomm  in  the  middle  line  inferiorly. 
All  these  are  enclosed  in  a  capsule  of  tihrous  and  plain  muscular 
tissue  ;  the  septa  which  are  continued   in  from  th>  the 

boundaries  of  the  cavernous  venous  spaces  of  the  tissue.  The 
arteries  run  in  t lie  septa  ;  the  capillaries  open  into  the  906 
spaces.  The  arteries  are  often  called  helicitUj  as  in  injected 
specimens  tiny  form  twisted  1-h^.s  projecting  into  the  cavernous 
spaces  (see  also  p.  273).  The  structure  of  the  urethra  and 
prostate  are  described  OS  pp.  521,  522. 

The  Spermatozoa,  suspended    in  a  richly  albuminous   fluid, 
constitute  the  semen.      Each  spermatozoon   is  composed  of  tl 
parts,  a  h*ad,  a  middle  pari ',  and  a  tail.    The  head  varies  in  shape 
in  different  animals,  but  in  man  it  is  oval,  and  pointed  anteriorly. 
The  middle  piece  is  short  and  cylindrical,  with  a  spiral  fibre  pass- 


* 
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ing  round  it.  The  tail  is  long,  tapering,  and  vibratile ;  its  action 
resembles  that  of  a  cilium,  and  gives  to  the  spermatozoon  its  power 
of  locomotion.  The  end  piece  of  the  tail  is  described  by  Retzius 
as  distinct  from  the  rest,  and  in  some  animals  is  divided  into  two 
or  three  fibrils. 

In  some  animals  (newts,  salamanders,  <fcc.)  a  fine  filament  or 
membranous  expansion  is  attached  to  the  tail  in  a  spiral   manner 


*fy?«  594.— Spermatic  fila- 
ments from  the  human 
vas  deferens.  1,  magni- 
fied 300  diameters;  2, 
magnified  800  diameters ; 
a,  from  the  side ;  6,  from 
above.  (From  Kolliker.) 


Fig.  595.— Spermatozoa.    1,  of  sala- 
mander ;  2,  human.    (H.  Gibbea.) 


(fig.  595).  A  similar  appearance  has  been  described  by  some  obser 
vera  in  mammalian  spermatozoa. 

The  spermatozoa  are  formed  from  the  small  spermatoblasts  of 
the  third  or  innermost  layer  of  the  seminiferous  tubules ;  these 
originate  from  the  spermatogenic  cells  of  the  second  layer,  and 
these  from  the  lining  cubical  epithelium.  When  a  lining  cell 
divides  into  two,  one  becomes  a  spermatogenic  cell,  the  other 
becomes  elongated  to  form  a  sustentacular  cell. 

In  the  conversion  of  a  spermatoblast  into  a  spermatozoon,  the 
nucleus  forms  the  head  ;  the  tail  develops  as  a  fine  filament 
within  the  protoplasm,  from  which  it  subsequently  grows  out ;  it 
is  connected  to  the  nucleus  from  the  first.  The  greater  part  of 
the  protoplasm  drops  off  (seminal  granules) ;  the  remainder  forms 
the  middle  piece  of  the  spermatozoon,  and  contains  an  attraction 
sphere. 
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The  Ovary  is  a  solid  organ  composed  of  fibrous  tissue  (i/rwna), 
containing  near  its  Attachment  to  the  broad  ligament  a  nurn 
plain  muscular  fibres.   It  is  covered  with  a  layer  of  -hurt  columnar 
cells  (germmal  epithelium))  which  may  he  Been,  especially  in  young 
animals,  dipping  down  into  the  stroma*  The  interstitial 
tissue  contains  a  number  of  epithelial  polyhedral  y< 
like  the  iuterstitial  cells  of  the  t< 

When  cut  across,  the  surface  part  of  the  stroma   is  seen  to  be 


Fijr.  596.  — BiamnuoAtic  view  ni  the  utenu*  and  it**  appendage*.,  m  i 


from  behind.  TV 

wall ;  the  Kallupian  tube,  round  ligament,  And  ovarian*  ligament  have  be«n  cut  abort, 
and  the  broad  lament  removed  on  the  left  »idc  ;    a,  the  upper  nart  of  the  uteru- 
the  cervix  oppemitv  the  oh  internum  ;    the  tmiinfular  &hape  of  the  uterine  cavity  ta 
nhownt  and  the  dilatation  ol  the  cervical  cavity  with  the  rum  termed  arbor  vita*;  *>, 
uplM-r  |..'irt  >>X  ttn-  \iiiriii.i ;    •■■/,  FuD-ipinri  till..    ],r  oviduct;    'h«-  narrow 
or  it*  uavity  with  ihat  of  the  ivtmu  of  the  utera*  on  each  vide  In  eea»  \ 
.  Ufl  in  u  lit  of  the  ovary;    a,  ovary;    ^  wide  outer  part  of  Hm 
tube  ■  ./•»  ita  fimbriated  extremity ;  jwt  parovarium  ;  A,  i«e  of  the  * 
found  connected  with  the  broad  liniment,     j.     (Allen  Thoiuauin.) 


u tenia  and  upper  part  of  the  vairina  have  been  laid  opi 


crowded    with    a   number    of    rounded    cells  ><*  or 

mi )»  and  vesicles  of  different  11  klao  riaiUa.     Thee© 

are  called  the  Gnmjjtni  ffJtieirs.  The  smallest  are  near  tie 
face  of  the  organ  ;  the  larger  ones  are  deeper,  though  they  ». 
to  the  surface  as  they  gfQW< 

A  (tffutjian  juUirif  has  a  proper  wall  formed  from  the  stroma; 
it  contains  within  \tu\\mmm  formed  from  one  of  the  primitive  ova, 
and  it  is  lined  by  epithelium.     At  first  there  is  simply  one  I;, 
epithelium  cells;  this  lines  the  follicle  and  covers  the  ovum  ;  later 
there  are  two  layers,  one  lining  the  follicle,  and  the  other  001 
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the  ovum,  but  the  two  are  close  together.  A  viscid  fluid  collects 
between  thfl  t  \v » *  layers,  and  as  the  follicle  inCTOMOq  hi  size 
separates  them. 


Fig.  597—  View  of  a  necdon  of  the  ovary  of  the  cut.  i,  outer  covering  and  free  bonh  r  of 
the  ovary;  i\  attached  border;  a,  the  ovarian  rtroma,  preaenting  a  fibrous  and 
vascular  *truiLuie  ;  j,  ^nttiular  substance  lying  externa]  to  the  fibrous  ntroma  :  4*  blood- 
vessel* ;  5,  imgc  mm  in  their  earliest  stages  occupying  a  part  of  the  granular  layer  near 
the  surface ;  6,  ovi  genii*  which  have  begun  to  enlarge  and  to  pass  more  deeply  into  the 
ovary :  7,  ovigerm*  round  which  the  Graafian  follicle  and  tunica  granulosa  are  now 
formed,  and  which  have  passed  somewhat  deeper  into  the  ovary  and  are  surrounded  by 
the  fibrous  stroma  ;  8,  more  advanced  Graafian  full].  1<  with  the  ovum  imlieddcd  in  the 
layer  of  cell*  constituting  the  proltgerous  diw: ;  9,  On  tnwt  advanced  follicle  containing 
the  ovum.  fce. ;  9'.  a  follicle  fwm  which  the  ovum  has  aceiden tally  escaped ;  io»  corpus 
lutcum.     (Schron.J 


BeeU  m  of  the  ovary  of  a  cat.    A,  germinal  epithelium ;    B.  immature  Graafian 
follicle  ;  <  Si  stroma  of  ovary  ;  D,  vitelline  raomln  1  >vum  ;  Et  Graafan 

follicle  showing  lining  cells ;    F.  follicle  from  which  the  ovum  has  fallen  out.    (V.  D, 
Harris.) 
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The  cells  in  each  layer  multiply,  so  that  they  are  arranged  in 
several  strata.  The  lining  epithelium  <>f  the  follk 
called  the  membranti  tjranitloBa,  and  the  heaped  uvam  of  cells 
around  the  ovum,  the  ditcui  prolifftrm  The  fluid  increases  in 
quantity,  the  follicle  becomes  tenser  and  beoaar,  and  finally  it 
rOftohoO  the  surface  of  the  or^an  mid  bursts  ;  the  ovum  Ifl 
set  free,  and  is  seized  by  the  fringed  ends  of  the  Fallopian  tube 
and  thence  passes  to  the  uterus, 

The  bursting  of  a  Graafian  follicle  usually 
time  of  menstruation. 

After  the  bursting  of  a  Graafian  follicle,   it   is  tilled  up 
what  is  known  as  a  corj  <im     This  is  derived  from  the  wall 

of  the  follicle,"  and  consists  of  columns  of  yellow  cells  developed 
from  the  yellow  interstitial  cells  previously  it  con- 

tains  a  blood  cjot  in  its  centre.     These  cells  multiply,  and   their 
strands  get  folded  and  converge  to  a  central  strand  of 
tissue;  between  the  columns  there  arc  septa  of  connective 
with  blood-vessels.     The  corpus  luteum  after  a  t  dually 

disappears;  but  if  pregnancy  supervenes  it  b  ftT  and 

more  persistent  {see  fig.  599). 

The  following  table  given  the  chief   facts  in  the   life    hiatal 
the  ordinary  corpus  luteum  of  menstruation,  compared  with  tall 
of  pregnancy : — 


Corpus  Luteum  of  Men- 
struation. 


Corpus  Luteum  of  Preg- 
nancy. 


At  the  end  uf 
three  ivetfks. 
Out'  mufith    . 


ZkM  IHttuth* 


Six  man  (fix 


i&Uhi . 


Three-quarters  of  an  inch  in  diameter ;  central  clot  reddish  j 
convoluted  wall  pale. 

Larger  ;  convoluted  wall  bright 
>w  ;  clot  still  reddish. 


Smaller  :  convoluted 
wall  bright  yellow  ; 
clot  still  reddufa. 

Redact**!  to  ihc  eondi- 
ii hi  of  an  insignifi- 
cant cicatrix. 

Alt-cut. 


BOM 

- 

«er; 


Seven-eighths  of  an  inch  in  dia- 
meter ;  convoluted  wall  bright 
yellow  ,  !tectly   at- 

color  ised. 

Still  as  large  as  1  ~ecaod 

month  ; 
luted  wall  paler. 

One  half  an  iirimo 

central  clot  converted  into  a 
radiating  cicatrix;  the  external 
wall  tolerably  thick  an 
voluted,  but  without  an y  bright 
yellow  colour. 


Some   of   the  Graafian    follicles  never  burst;    they 
certain  degree  of  maturity,  then  atrophy  aud  disappear. 

An  ovum  is  a  large  spheroidal  oell  surrounded  by  a  tram- 
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parent   striated    nuMnhraiu"   called    the  n't,  tint*   „n  tuhrane^  or  MM 
hcida.      The   protoplasm   is  tilled  with   large  fatty  and   allm- 


FSg.  509. — Corpora  InfeM  of  different  periods,    B,  corpus  luteum  of  about  the  «ixth  week 
after  impr«rtuiti  funn  at  that  period*     it  HUbatanee  of   the 

ovary;    a,  tobttaMBB  ol    Um   BOCpH  luteuru  ;    \,  a  greyish  eoagulum  in  its  cavity. 

fPateraon.)    A.  corpus  hiteuin  two  days  after  delivery;   I>T  In  th    !bi  Lith  \v  .  k  after 
delivery,    (Mom .  •  mery. 


Nucleus  or  germinal  vesicle. 
■  Nucleolus  or  germinal  spot. 


-.-Space  left,  by  retraction  of 
protuplasuu 

-Protoplasm  containing  yolk 
spbfi  ■ 


.Vitelline  membrane. 


F%.  too.—  A  human  ovum,     (Cadiat.) 


ft 


Pig.  601.— Germinal  epithelium  of  the  foirfacc  of  the  ovary  of  Ave  days*  chick.    <*,  small 
ovoblusts  ;  b,  larger  ovublujsts.     [Cadiatj 

urinous  granules  (yolk  tpheruieg),  except   in  the  part  around  the 
nucleus,  which  is  comparatively   free   from   these  granules.       It 
k.k  3  e 
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contains  a  nucleus  which  has  ?h  ructureof  nuclei  ;  there 

lendly  one  very   well-marked  nucleolus.     The  ducIc: 
nucleolus  are  still  often  called  by  their  old 

and  QwmJMll  spot  resjieetivelv.      An  attraction  sphere,  not  sliwwii 
in  the  figure,  is  also  present. 

The  uvit  and   the  epithelium  of   the  Gra  i  are 

developed    from   the  germinal   epithelium    which    in  the   eiuhrvo 
forms  a  thick  layer  over  the  ov;iry  ;  cords  of  these  eelK  s<«li«i  IB 


Fig.  602,—  A.  Diaanun  t>f  Dteni  in.  ri-tnmtj..n  ;  the  Abided 

tbfekfloaa  mucoun  raem h rant-.    11.   Dimrnttn  of  uteru*  when 
hut  touted,  »howin«  the   mvity  of  the   uteru*   deprived   of  tnuaou 
C.    OinKTrtin  of  uterus  a  week  uft.  2    the   m>  n*1ru»1    dux  has  ceaeed 
portion  n*pre*ent»  renewed  tuuoou*  iiietubrnn*'.    (J,  William*. ,1 

some  animals,  tubular  in  others,  grow  down  into 
in  time  these  tire  broken  up  into  nests  by  ingrowths  of  the  stroma* 
Each  nest  represents  a  primitive  (Graafian  follicle.      In  tins,  on* 
cell    in    particular  becomes   enlarged    to   form    the    Drum  ;    the 
remainder  form  the  epithelium  of  the  follicle, 

The  Fallopian  tubes  have  externally  a  serous  coat  d< 
from  the  peritoneum,  then  a  muscular  coat  (longitudinal  fihrea 
outside,   circular    inside),   and    most    internally  a   very    vascular 
mucous  membrane  thrown  into  longitudinal  folds,  and 
with  ciliated  cpUtaeYunn. 
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The  uterus  consists  of  the  same  throe  layers.  The  muscular 
coat  is.  In u\ ever,  very  thick  and  is  made  up  of  two  strata  imper- 
fectly separated  by  oonno  me  and  blood-vessels.  Of  these 
the  thinner  outer  division  is  the  true  muscular  coat,  the  fibres  of 
which  arc  imaged  partly  longitudinally,  partly  circularly.  The 
iuner  division  is  very  thick  ;  its  fibres  run  chiefly  in  a  circular 
direction  ;  the  extremities  of  the  uterine  glands  extend  into  its 
internal  surface.  It  is  in  fact  B  much  hypertrophic*.!  nmscuiaris 
mucosae. 

The  mucous  membrane  is  thick,  aud  consists  of  a  corium  of  soft 
connective  tissue,  lined  with  ciliated  epithelium  ;  this  is  continued 


Tig.  6oj. — Section  of  the  lining  membrane  of  a  human  u  terms  *t  the  period  of  commencing 
pregnancy  thawing  the  amn^nunt  and  uth#r  peculiarities  of  the  el&ndis  4f  d,  rf.  with 
their  orifices,  <*,  <i,  <i,  %m  the  internal  stnrfaec  of  the  organ.    Twice  the  natural  niae» 

down  into  long  tubular  glands  which  have  as  a  rule  a  convoluted 
course.  In  the  cervix  the  glands  are  shorter.  Near  the  os 
uteri  the  epithelium  becomes  stratified ;  stratified  epithelium  also 
lines  the  vagina. 

At  each  menstrua]  period,  the  greater  part  of  the  mucous 
membrane  of  the  body  of  the  uterus  disintegrates  and  is  shed  ; 
this  with  some  blood  which  escapes  from  the  ruptured  capillaries 
constitutes  the  menstrual  now. 

This  is  followed  by  a  rapid  renewal  of  the  mucous  membrane. 
I  tut  if  gestation  takes  pta<v.  the  new  mucous  membrane  is  much 
thicker  than  thai  which  is  usually  formed.  The  glands  are 
correspondingly  long.  This  thick  membrane  is  then  called  the 
decidti't. 

For  a  description  of  the  mammary  glands  see  p.  447. 
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CHAPTER   LVIII. 

DEVELOPMENT. 

Tfik  description  of  the  origin  and  formation  of  the  tissues  a 
organs   constitutes  the  portion  of    bioloj  'ira 

embryology.     This  subject  is  a  large  <nie,  and  many  Injoks  are 
written  which  have  for  their  exclusive  objeel  its  el 
one  oan   possibly  attempt  in  a  physiological    textbook 
merest  outline  of  the  principal  facts  of  derelopmani* 

In  our  descriptions  throughout  we  shall  endeavour  to  ip 
the  development  of  the   mamma]   principally  ;   it  will  not  be 
possible  to  do  so  altogether,   te   many  of   the  facts   which  are 
believed  to  be  true  of  the  roamm*!  (man  included) 
actually  seen   in   the   lower  animals.       That    they    occur   in    the 
higher  animals  too  is  a  matter  of  inference. 

It  will,  however,  add  interest  to  the  subject  t«  draw  no 
our  descriptions  from  the  lower  animals  ;  far  the  scientific  dis- 
cussion of  embryology  must  always  start  Prom  a  wide  sur 
the  whole  animal  kingdom.  Without  entering  into  any  argu- 
ment* in  relation  to  the  Darwinian  theory  of  evolution,  it  will  \*c 
sufficient  to  state  in  general  terms  that  the  series  of  changes 
which  occur  in  the  embryologies]  history  of  the  hi  unals, 

form  a  compressed  picture  of  the  changes  which  have  taken  place 
in  their  historical  development  from  lower  types  of  living 
creatures. 

The  Ovum. 

The  human  ovum  is  like  that  of  other  mammals,  a  small 
Bpherical  body  about  ,  A  -  to  ,  I rv  inch  in  diameter;  it  is  au 
organised  animal  cell  consisting  of  a  mass  of  protoplasm  enclosing 
a  nucleus  and  attraction  sphere.  The  protoplasm,  however,  also 
contains  a  granular  material,  vitelline  or  yolk  substance 
nourishes  the  protoplasmic  part.  The  way  in  which  ova  are 
fan 1  in  the  ovary  is  described  in  the  chapter  preceding  this* 

In  many  animals,  as  in  birds,  most  of  the  changes  from  ovum  to 
adult  take  place,  not  within  the  body  of  the  parent,  but 
it.     The  egg  can  therefore  derive  no  nutriment  from  the  mother; 
and,    as    one   would  expect,    the  yolk   substance    is    much    mure 
abundant      It  is  due  to  this  fact  that  th-  birds,  reptiles, 

and  fishes  arc  so  much  larger  than  the  mammalian  ovum.      Each, 
however,  is  still   essentially   a  single  cell,  much   buL- 
material.     The  yeWow  \mtt  oA  &«  Ueu's  egg  which  is  alone 
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parable  to  the  mammalian  ovum  litis  upon  it  a  whitish  speck  or 
tirieula  about  £  "lcn  U1  diameter  3  in  this  the  nucleus  or 
germinal  vesicle  is  imbedded  ;  it  ia  here  and  in  the  surrounding 
protoplasm  that  cell  division  and  growth  goefl  n.  the  (eat  of  the 
yolk  serving  to  nourish  thie  parti 

Ova  in  which  i In-  whole  cell  takes  part  in  cell  division  are 
nihil  hufohhi&tic ;  but  those  like  the  hen's  egg,  in  which  only  a 
part,  the  rhiuirula  just  alluded  to,  divides  and  subdivides,  are 
termed  mmtfaftie.       There  are.  however,  gradations  between  the 

two  rx'ivh 

The  structure  of  the  mammalian  ovum  has  already  been  gi 
(l>P*  7S4-786),     The  surrounding    zona  pelluoida  is  perforated, 
at  any  rate  in  some  animals,  by  a  small  hole  called  the  mcropfU) 
which  enables  a  spermatozoon  to  enter.     Some  observers  have  de- 
scribed a  second  more  delicate  membrane  within  the  zona  pellucida. 


Changes  in  the  Ovum  previous  to  Fecundation. 

The  most  important  change  is  the  disappearance  of  the  greater 
part  of  the  nucleus  ;  simultaneously  with  this  two  [>arti<  ]<s  called 
the  polar  or  dtrectfag  globules  appear  OO  the  surface  of  the  ovum, 
between  it  and  the  zona  pellucida. 

The  relation  between  these  two  phenomena,  and  many  of  the 
facts  relating  to  the  impregnation  of,  and  early  changes  in  the 
ovum  were  first  made  out  by  Oscar  Hertwig,  and  Ed.  v.  Beneden, 
in  the  ova  of  sea-urchins  and  other  eelunodenns ;  they  have 
been  verified  in  many  of  the  higher  animate ;  and,  though  they 
have  never  been  actually  seen  in  the  human  ovum,  there  is 
practically  no  doubt  that  they  occur  there  too. 

In  the  case  of  the  sea  urchin,  the  problem  is  a  comparatively 
v  one  to  study.  Sea- water  containing  the  elements  of  each 
sex  can  be  obtained,  the  changes  watched,  and  finally  the  two 
imens  can  be  mixed  and  impregnation  observed. 

In  the  ovum,  the  nucleus  travels  to  the  surface  of  the  ovum, 
loses  its  investing  membrane,  and  undergoes  the  changes  associated 
with  karyokintsis.  In  some  cases,  however,  the  chromosomes  do 
not  undergo  longitudinal  splitting,  but  divide  into  tw<>  equal 
groups  which  form  the  bases  of  the  two  new  nuclei,  The  spindle 
lies  a i  first  horizontally  under  the  outer  circumference  of  the  cell. 
\r  e&ci)  end  of  the  spindle  an  attraction  sphere  is  sit uated  ;  the 
granules  of  the  protoplasm  take  a  radial  arrangement  around  the 
two  attraction  sphere*,  The  spindle  then  becomes  vertical,  and 
tin"  nucleus  divides  into  two;  the  upper  daughter  nucleus  with  a 
thin  investment  of  protoplasm  is  extruded  from  the  body  of  the 


790 


DEVELOrv 


una. 


cell.      The  cither  daughter  nucleus  remains  within  tin 

ijut    return    to   the   resting  stage,  but   proceeds   al 
repeat  the  process,  and  a  second   polar  globule  is  extrud 
that  only  a  quarter  of  the  original  nucleus  remains  witln 
ovum;  this  is  then  called   the  femaL   pMHMIflfaufe  WoA  it  travel* 
towards  thfl  C«tetre   ol   tin-  ovum.      Tin     first,    polar    globule   Ota 
divides  into  two  after  it  is  extruded, 

SiumkaiH  misty  the  Mviun  shrinks,  not  only  from  the  loss  i 
polar   globules;  hut   also    from   a  shedding  out  of  liquid  which 
collects  between  the  OTUQJ  and  the  zona  pellucida  and    is  called 
the  periuittNiHt  jktUL      in  this,  later  on,  spermatozoa  which  have 
penetrated  the  zona  pellucida,  may  be  seen  swiinuuiiir 

Impregnation. 

We  now  have  a  somewhat  shrunken  ovum  possessing  a  femnle 
pronucleus.     Impregnation  or  fertilization  consists  m   tl 
ding  of  the  head  (nucleus)  and  middle  portion  of  one  sperm  i 
in    the  protoplasm  of  the   ovum  ;   the    tail    is   lost,   and    the  lualc 
attraction  sphere  originally  contained  in  the   middle  piece  of  the 
spermatozoon  has  around  it  the  same  stardike  arrangement 
protoplasmic  granules  of   the  ovum  which  we  described    ai 
the    female  attraction   sphere.     The  head   of  the  spermatozoon 
is  now  culled  the  tunh   proiruvfam ;  it  travels  to  the  female  pro- 
nucleus, and   in   some  animals  may  for  a  time  leave  a  distinct 
groove  marking   its   pathway.      Having   reached   the   female  pro- 
nucleus, it  fuses  with   it  and   forms  an  ordinary   nucleus,     TV 
whole  cell  bo  produced  is  then  often  called  the  f/hstosphere^ 

A  great  deal  of  discussion  has  taken  [dace  as  to  the  meaning 
of  the  discharge  of  the  polar  globules.  Fertilization  consists  in 
bringing  to  the  ovum  of  a  certain  amount  of  germinal  plasms 
tUvrn  another  individual  or  male,  and  Weismaan  ilmtit 

is  necessary  that  the  ovum,  prior  to  development)  should  . 
both  of  its  old  histogenetio  plasma,  and  of  st»  much  germinal 
plasma  (*.«.  matter  endowed  with  heredity)  as  may  be  brought  to 
it  bj  the  Bpennatosoon.     This  is  effected  by  the  extrusion  ofllM 
two  polar  globules.     The  second  |)olar  globule  is  the 
contains   the   germinal   plasma,  or  the   hereditary   male    ■  Ictnent 
In   those    aninials  winch    can    reproduce  their  species  for  manj 
generations  without   the    intervention   of   a    faasfa  malt 
genesis),  the  second  polar  globule  is  not  extruded. 

Fig.  604  represents  a  fertilized  ovum,  and  if  its  appearance  w 
compared  with  that  of  the  ovarian  ovum  (fig,  600),  there  is  not 
much  anatomical  distinction  to  be  noticed  between  the  two.    The 
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fertilized  ovum  is  rather  smaller,  its  it  has  discharged  the  polar 
globules  and  the  peri  vitelline  fluid,  and  its  nucleus  is  composed  of 
male  and  female  elements  ;  but  great  indeed  is  the  physiological 
difference  between  the  two,  for  the  fertilized  ovum  now  is  a  new 
individual,  though  in  a  very  rudimentary  condition.  These 
processes  all  take 
place  in  the  Fallopian 
tttbe  Of  the  mammal 
as  the  ovum  travels 
towards  the  uterus, 
and  then  the  process 
of  segmentation  or 
cell  division 
There  is  no  doubt 
that  the  important 
tioreditarj  subetanoe 
obtained  m  the 
chromosomes  of  (lie 
nucleus.    Of  these  an 

equal  number  is  contributed  by  each  sex,  and  in  the  subsequent 
cell  division  that  occurs,  the  number  of  chromosomes  in  the 
nucleus  is  therefore  always  an  even  number. 


Patnr  gbbuh* 


Fig.  604.  —The  fertilized  uvuui,  ur  bln#ti**pheiv. 


I 


Segmentation. 

The  omni  first  divides  into  two  cells,  then  each  of  these  into 
fcWO  again,  and  so  on  ;  until  at  last  it  consists  of  a  mulberry-like 
>*i  little  cells,  all  still  enclosed  within  the  zona  jiellucida. 
The  polar  globules  are  soon  lost  to  view.  Cell  division  is  always 
accompanied  by  the  usual  karyokinetie  changes  in  the  nucleus, 
On  cutting  a  section  through  the  embryo  at  this  sta^e,  it  is  found 
to  consist  of  a  single  layer  of  cells  arranged  around  a  central 
cavity  filled  with  fluid  shed  out  from  the  cells.  This  is  called 
the  Maafrifa  stage  or  tlir  stage  of  the  UHilaminar  (one  layered) 
ft  rm,  The  cells  by  mutual  compression  become  columnar 
in  shape*  and  soon  the  cells  are  arranged  two  layers  deep ;  the 
formation  of  the  second  layer  within  the  first  differs  in  different 
lUUmftlir,  In  amphioxus  and  many  of  the  invertebrates,  it  is 
formed  by  a  process  of  invagination;  that  is,  a  portion  of  the 
surface  layer  is  gradually  pushed  in  until  it  completes  a  second 
layer  within  the  first;  the  orifice  of  invagination  is  called  the 
ind  corresponds  to  a  primitive  mouth  opening  into  a 
primitive  alimentary  cavity  surrounded  by  the  inner  layer  of  cells. 
In  mammals,  the  cells  which  are  going  to  Form  the  second  layer 
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take  up  :v  central  position  from  t lie  very  start,  and  the  outer  cells 
fay  multiplying  more  quickly  khan  the  inner  ones  grow  round  and 
enclose  them.  This  is  the  tf,t.<tnrf<i  stag*  or  tin  stage  of  the 
hilamitt'ir  blastoderm.  Then  a  third  layer  is  formed  between  the 
other  two,  and  thus  we  arrive  at  the  stnire  i»f  the  tnhi?tt> 
blastoderm.     The  three  layers  are  Billed  from  without   inwards 

the   ep&lott, 

ft?/p'M'txt,  or  the  eeftxftrm, 
A  rat,  and  smlffrrm* 
We  must  next  stn.lv 
way  in  whicfa  the  mesobUflt 
is  formed  between  the  other 
two  layers.    When  the  outer 


. 


Fig,  &*>.—  Impregnated  *gg,  with 
commencement  of  formation  of 
••bowing  the  area  ger- 
ruiTieit-ivn  or  embryonic  904 
area  prflucida,  ana  the  primitive 
groove  and  utrcalt.    (Duton.) 

surface    of    the    ovum    is 

viewed  from  abov. 

or  shadow  is  visible  ;  this 

OCCUrg    first  at  it- 
end,    and    it    gradually  ex- 
tends towards  the  anterior 
It  is  due  to  a  thicken- 
ing of   the  epiblast,  the  cells  of  which  multiply  so  that  they  art! 
several  layers  deep.    Thia  appearance  is  called  the  <frrak. 

This  is  soon  marked  by  ■  narrow  groove  along  if  -  vhich 

is  called  the  primitive  groove* 

If  we  cut  a  transverse  section  through  the  ovum  ni  fjfajf  period, 
we  have  the  appearance  presented  in  the  next  figure  (rig,  607). 
The  actual  preparation   is   from  a  chick's  egg  ;   the  cicatricula 


Fip,  <o>,- Diatframa  of  tlit*  various 
stages  of  cleavage  of  the  ovum. 
(Dalton.i 
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has  divided  into  a  number  of  cells,  nud  these  are  arranged  in  two 
layers,  cpiblast  and  hypoblast,  but  these,  instead  of  surrounding 
the  wh'ilr  ovum,  lie  spread  ont  on  the  surface  of  the  yolk,  This 
part  ol  the  e-mbryo  II  subsequently  pinched  oil  from  t he  yolk-sac. 
The  area  which  actually  gives  rise  to  the  embryo  is  called  tin? 
m  opaca  in   the  middle,  seen  at  the  left 


n  .«r  Arm  ptlliid»lu   nnd  tuva  opm  :i  li-tr     \M   inityof  flgnre)  of 
1  Ifiid  «.      .S\  epibUM;     />,  hypubliust  ,    J/,  large 


rolk  enmuie*,  derived  from  the  hypuMfi»t  ; 


£  the 


fnrtuativn 
kite  yolk 


0  mitv  of  the  figure,  is  the  opacity  produced  by  the  primitive 
md    this    is    seen   to  be  caused  by    the  proliferation  of 
epiblastie  eel  Is,  so  thai  at  this   point  they  come  into  close  contact 
with  the  hypoblast 

Fig.  608  shows  a  rather  later  stage  ;  this  mass  of  celis,  chiefly 


Fig',  608. — TramiveTM*  unction  through  embryo  chick  (26  hours).     a,  eoiblust ;  A,  menobliiat  ■ 
c,  hypoblast ;  J,  msw  of  cells  xt  primitive  streak  ;  *,  primitive  groove.     (Klein,  j 

epiblastie   (r7)t  gives   origin  to   the  intermediate  layer   or  rncso- 
blast  (!>)  which  grows  between  the  other  two  layers. 

The  me&oblafit,  however,  is  not  exclusively  epiblastie  in  origin, 
for  some  of  the  cells  in  the  mass  </T  fig.  608,  are  doubtless 
hypoplastic.  Moreover*  certain  large  ' formative  cells'  seen  in 
!JLr.  607  J/ and  in  the  next  figure  (fig.  6og),  originate  from  hypo- 
blast and  wander  into  the  middle  layer,  and  it  is  these  cells 
which  give  origin  to  the  connective  tissues  and  blood-vessels. 


in:  vi 


The  three  layers  of  the  blastoderm  show  from  the  first 
distinctive  characters;  the   epihlaM   and    livpnl  !  Milt    the 

appearance  of  epithelium,  whereas  the  mesoblast  ta  eoni posed  of 
cells  which  are  not  arranged  close  together,  and  many  of  them 
are  branched. 

The  primitive  streak  and   groove  are  evan  matures; 

they  indicate   the  longitudinal  axis  of  the  embryOj  but  tli».v  are 


- 


Fig.  600.—  Verticil  feet  ion  of  blaatodcrm  of  chirk  (n»t  day  of  UKttbttion'.    £.  epibhrt. 
'  ting  of  abort  columnar  cell*  ;  /',  hypoblaat,  coo*i«ting  of  a  «iogle  layer  of  flattfliid 
J/V  "formative  cell*.''     They  arc  ieen  00  the  right  of  the  figure, 
rathe  epibhut  and  hypoblast  to  contribute  to  the  meaohlaat;    A, 
granule*.    Many  of  the  large  '"  formative  eella  "  are  »een  containing  thesn 
(Strieker.) 

soon   replaced   by  a  new  and   larger  groove*     This  is  forn 
two  new  thickenings  of  epi blast  which  rise  up  like  walls  Of)  each 
side  of  the  middle  line ;  they  are  united  together  in  front,  and 

tin  i  backwards,  end 

and  then  (fig.  010)  obltterutui 

primitive  groove. 

These  t\v<«  walls  arc  called  the 
rt/iJitfttuy  plates  or  the  tlortai 
illey  between  them 
is  called  the  medullary  groove ; 
this  is  the  first  appearance  of 
Mini  nervous  system.  Tin  v 
approach  one  another,  and  meet 
in  the  middle  line,  and  so  00 
the  medullary  gi 

Fig.   6ri    sIh.us  this   <li;tgnun- 
mat  teal Iy  in  trans  \> 

The  epiblaetio  cells  which  line 

tin1    medullary   canal   are,    by   the 
union  ol    the    two  dorsal    ridge*, 
entirely  cut  off  from  the  surface  epiblasl  cells  mu 

and   the  tube  of  cpiblast  gets  much  thicker  ;  anteriorly  it  forms 
the  brain  and  its  cavity  the  cerebral  ventricles;  behind  this  it 
forms  the  spinal   cord  with  its  central  canal.      The  tu 
out  from  brain  and  eord  at  a  later  date. 


Fig.  610.  —  Einbrvon 
..Yum  17  day* 
Htrf-Jik  and  grtw 


irriHive  ;  ./,*•.,  donuil  ridge. 

K..1I.! 


doUary 
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The  same  diagram  shows  that  the  mesoblast  is  collected  into 
large  masses  on  each  side  of  the  neural  canal  j  these  are  called  the 
protovertebra* ;  a  rod  of  cells  big  been  also  pinched  off  from  the 
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Fig.  6 1 1  —  Diagram  of  timnKvnrse  section  through  an  embryo  before  the  elewng-in  of  the 
medullary  groove,  w,  cells  of  epiblast  lining  the  medullary  groove  which  will  form 
the  spinal  cord;  A,  epf  blast ;  <f,  hy  ooblast ;  *h,  notocbon" ;  «,  protovertebra ;  *p, 
meso  blast ;  w,  edge  of  dorsal  ridge,  folding  over  medullary  groove,     ( Kiillik*  r 


hypoblast,  and  is  seen  in  transverse  section  (A)  :  it  is  called  the 
notochord. 

Big,  6 1  2  shows  a  surface  view  of   the  embryo  at  rather  a  Inter 


Fig.  fiiz.— Embryo  of  dog.    The  neural  groove,  a,  is  not  yet  closed,  and  at  it*  upper  or 
cepbalie  end  present*  three  dilatations,  n,  which  corre  " 
vesicles  of  the  brain.  At  it*  lower  extremity  the  groove  j 

dalis),  €.    Alonf 
streak,  whi*  h  in  the  chorda  dorsalis. 


presents  n  lancet-shaped  dilata- 
te  groove  in  observed  a  faint- 
,  Dorsad  ridges,    (fiiwhoff. j 


The  union  of  the  dorsal  ridges  takes  place  iirnt  about  the 
neck  of  the  future  embryo;  they  soon  after  unite  over  the  region 
of  the  head,  while  the  closing  in  of  the  groove  progresses  much 
more  slowly  towards  the  hinder  extremity  of  the  embryo.     The 
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medullary  groove  is  by  no  means  of  uniform  diameter  t\. 

ami  even  before  the  dorsal   lamimc  have  united  over  it,  is  H 

be  dilated  at  tlie  anterior  extremity 
n in  I  obscurely  divided  by  ootostrio- 

tiotm  into  khti  three  primary  cerebri  I 

tea  The  pert  from  which  the 
spinal  cord  is  funned  is  of  nearly 
uniform  calibre,  while  towards 

posterior     extremity    i?  nge- 

ihaped  dilatation,  which   is  the  last 
part  to  close  in. 

The  notoehord  can  be  seen  under- 
neath the  neural  eaual. 

The  thickenings  of  the  mesoblast 
called  the  prtfeverto&ra  are  not 
<i  it  in  nous  longitudinal  struct 
like  the  neural  canal  and  notoehord, 
but  consist  of  a  number  of  quadri* 
lateral  mane*  situated  down  each 
side  of  the  neural  canal,  They 
are  seen  in  %.  6ij,  which  also 
shows  the  primitive  heart,  and  other 
structures  to  lie  described  later  on. 
The  neural  or  medullary  groove  has 
u  t liia  tinir  beeti  quite  closed  in. 

A  transverse  section  through  the 
embryo  at  this  or  a  rather  later 
(fig,  614)  shows  the  points 
already  mentioned,  but  there  is  also 
seen  a  splitting  of  the  general  nieflO- 
hlast  into  two  layers.  One  ad  I 
to  the  epiblast  and  is  called  the 
gfgj  m&oblaHi  or  Bomafoplemr  j 
the  other  adheres  to  the  hypoblast 

and    is   called    the   PUttfoi   mrsoblast 

or    tplcmchnopUur ;    the   space   be- 
tween    them     is     the 
codom  or  pleuwhptriUmecd  ca 
is  Bubdivided  subsequently  into  the 
cavities  of  the  pleura,  pericardium 
and  peritoneum. 

Head  md    Tail    F»Ms.     Botfy 
cavity. — Every     vertebrate    animal 
consists  essentially  of  a  longitudinal  axis  {vertebral  column)  with 


Fig.  6  tj.— Embryo  dbfefe 
viewed  from  beneath  a*  a  transpa- 
rent obje<  '  > •',  outline 
of  pellucid  am ;  FB,  fore-brain,  or 
flrtt  cerebral  VGtwte  ;  fl 

praieet  w,  the  optic  vttfali  - 
backward  limit  of  ■rwmtoftlaci 
fold,  "tucked  in"  under  beu<: 
head-fold  of  true  amnion ;  a  \  re- 
flected layer  of  amnion,  aoxnetimee 
tej-tned  "■  fjtlse  amnion  ;  '*  up,  back- 
ward limit  of  Bplonehjioplour  folds, 
along  whuii  rim  the  omphalo-mea- 
euleric  vein*  uniting  to  form  A,  the 
heart,  whu  h  1-  unturned  forward* 
into  k<if  the  bulbu*  Mtarioom ;  </, 
the  fore-jrut,  Lying  behind  the  heart, 
and  having  a  with  qpytttfa  open- 
ing between  the  Hphimhnopimu 
fold*  ;  )flt.  bind-hmin  ;  MB,  mid- 
brain ;  p,  protovortebrM-  lying 
behind  tin-  fain  gut ;  we,  line  of 
junctmu  of  mtfhillary  fold*  and  of 
notoebord  ;  cA,  front  end  of  noto- 
chord; tytf,  vertebral  plate-* 
the  primitive  groove  at  it*  caudal 
end.    ( Footer  and  Balfour.  J 
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:i   TMnnil    canal    above    it,  and    a    body-cavity    (containing    the 
alimentary  canal)  beneath. 

Wi>  have  MOD   how  the  earliest  rudiments  of  the  central  axis 
and  the  neural  canal  are  formed;  we  must    now  consider  how  the 


~\      i, 


Fig.  614. — Transverse  section  through  dorsal  njriun  of  embryo  chick  (45  hr*.).    One  half  of 
the  section  jh  represented  :   it  H  would  extend  as  far  to  the  left  u  to  tin* 

right  of  the  line  of  the  medullary  canal  {Me)*  A,  epihlast ;  C,  hypoblast,  consisting  of 
»  single  layer  of  flattened  cells  j  Mr.  medullary  canal ;  J\  proto  vertebra ;  Wd,  Wolffian 
duct;  So,  somatonieur;  i>,  splftnchnopl^ur ;  pj\  pleum-pcritoneal  cavity  ;  cAf  noto- 
chord ;  no,  dorsal  aorta,  containing  blood-cells ;  «\  blood-vessels  of  the  yolk-sac. 
(Foster  and  Balfour.) 

general  bod y  <  ivit y  is  developed.  In  the  earliest  stages  the  embryo 
lies  flat  00  the  surface  of  the  yolkT  and  is  not  clearly  marked  oft' 
from  the  rest  of    the  blastoderm  ;  but   gradually  the  head-fold,  a 


N£ 


in   j 


V^r 


Fig.  oi<;.— Diagrammatic  longitudinal  section  through  the  axis  of  an  embryo.  The  bead- 
fold  has  commenced,  but  th«  fuil-fold  ha*  not  yet  appeared,  FSa,  fold  of  the  sotnato- 
pleur  ;  WSjp,  fold  of  the  splanehnrvpleur ;  the  line  of  reference,  ffcft,  lies  outside  the 
|P0  in  the  "  moat,"  whirh  murks  oil  the  overhanging  head  from  the  amnion  :  Dt 
iwidi'  the  embryo*  is  that  part  which  ia  to  become  the  fore-gut ;  F*o  and  F*p,  are  both 
part*  of  the  head-fold,  and  travel  to  the  left  of  the  figure  as  development  proceeds  ; 
ppt  space  Ijetween  souiatopleur  and  splanehnoplcur,  pkup'-i-  u  rn  1I  ■  rmry-  Am, 
commencing  head-fold  of  amnion;  JVC,  neural  canal;  01,  uotoehord ;  fftt  heart; 
J.  /.',  '  .  cpiMast,  mecoblaat,  hypoblast.    (Foster  and  Balfour.) 

1 1  tie  depression  (with  its  concavity  backwards),  is  formed  in 
the  blastoderm,  limiting  the  head  of  the  embryo;  the  blastoderm 
is  tucked  in  under  the  head,  which  thus  comes  to  project 
above  the  general  surface  of  the  membrane  :  a  similar  tucking  in 
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of  blastoderm  takes  place  at  the  caudal  extremity,  and  thus  the 
head-  and  tail- folds  are  farmed. 

Similar  depressions  mark  off  the  embryo  laterally,  until  it  ia 
completely  surrounded  by  *i  »nrt  of  EDOat  which  it  overhangs  00 
all  sides,  and  which  clearly  defines  it  from  the  yolk.  It  will  be 
understood  that  in  mannnals  the  yolk-sac  is  comparatively 
smalt. 

This  moat  runs  in  further   and    further  all   mini  th  the 

overhanging  embryo,  till  the  latter  0010/61  to  resemble  a  canoe 
turned  upside-down,  the  ends  and  middle  being,  as  it  were, 
decked  in  by  the  folding  or  tucking  in  of  the  blastoderm,  while 
on  the  ventral  surface  there  is  still  a  large  communication  with 
the  yolk,  corresponding  to  the  well  or  undecked  portion  of  the 
canoe. 

This  communication  between  the  embryo  and  the  yolk  is  gra- 
dually contracted  by  the  further  tucking  in  of  the  blastoderm  from 
all  sides,  till  it  becomes  narrowed  down,  as  by  an  invisible  con- 
strict ing  band,  to  a  mere  pedicle  which  passes  out  of  the  body  of 
the  embryo  at  the  point  of  the  future  umbilicus* 

The  downwardly  folded  portions  of  blastoderm  are  termed  the 
visceral  plates. 

Thus  we  see  that  the  body-cavity  is  formed  by  the  downward 
folding  of  the  visceral  plates,  just  as  the  neural  cavity  is  pro- 
duced by  the  upward  growth  of  the  dorsal  lamime,  the  difference 
being  that,  in  the  visceral  or  ventral  lam  hue,  all  three  layers  of 
the  blastoderm  are  concerned. 

The  folding  in  of  the  splanchnopleur,  lined  by  hypoblast, 
pinches  off  a  portion  of  the  yolk-sac,  inclosing  it  in  the 
body-cavity.  This  forms  the  rudiment  of  the  alimentary  canal, 
which  at  this  period  ends  blindly  towards  the  bead  and  tail, 
while  in  the  centre  it  communicates  at  first  freely,  and  then  by  ■ 
narrow  tube  with  the  yolk-sac. 

The  cavity  within  the  hypoblast  thus  becomes  divided  into  two 
portions  which  communicate  through  the  vitelline  duct ;  the 
portion  within  the  body  gives  rise,  as  above  stated,  to  the  diges- 
tive .-mat,  and  that  outside  the  body  remains  for  some  time  as 
the  umbilical  vesicle  or  yolk-sac  (fig.  616,  v).  The  hypo  I 
forming  the  epithelium  of  the  intestine  is  continuous  with  the 
lining  membrane  of  the  umbilical  vesicle,  while  the  visceral  plat*' 
of  the  mosoblast  is  continuous  with  the  outer  layer  of  the  umbili- 
cal vesicle. 

The  above  details  will  be  clear  on  reference  to  the  accompany- 
ing diagrams,  some  of  which,  however,  allude  to  structures  we 
have   not  as  yet  touched  upon.     We  may  here   mention  three 
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other    terms    that    are    employed.     The    part   of    the    primitive 
alimentary  canal  enclosed  by  the  head-fold  is  called  the  fim 
that  enclosed  by  the  tail-fold  is  called  the  A /«*/-;/«/  .  the  remainder 
is  called  the  wirf  <?ut. 

We  have  now  seen  the  way  in   which  a  distinct  embryo  with 
foreshadow ings  of  the  future  organs  is  formed.      In  robwqwttt 


Fig,  616,— Diagrammatic  section  showing  the  relation  in  11  mammal  between  the  primitive 
alimentary  canal  and  the  membrane*  of  the  ovum.  The  stage  represented  in  this 
diagram  corresponds  to  that  of  the  fifteenth  or  seventeenth  day  in  the  human  embryo, 
previous  to  the  expansion  of  the  allantois ;  c,  the  villous  chorion  ;  r?,  the  amnion  1  a', 
the  place  of  convergence  of  the  amnion  and  reflexion  of  the  false  amnion  a"  a  ,  or 
outer  or  corneous  layer ;  «\  the  head  and  trunk  of  the  embryo,  comprising  the  primitive 


cerebro-spinai  axis ;  tf  i,  (he  simple  alimentary  canal  In  its  upper  1 
lower  portions.     Immediately  beneath  the  right  hand  1  b  ween  the  foetal  heart,  lying 
tn  the  anterior  part  of  the  pleuro-peritoneal  cavity ;  a,  the  yolk-sac  or  umbilical  vesicle ; 
Mr.  It. -1 1  it  retinal  opening;  a,  the  allantoic  connected  by  a  pedicle  with  the 
hinder  portion  of  the  alimentary  canal .    (Quatn.  1 


sections  we  shall  have  to  study  the  way  in  which  each  set  of 
organs  is  elaborated  from  these  primitive  structures.  We  may 
conclude  this  section  by  giving  a  list  of  the  organs  which  are 
formed  from  the  several  primary  embrynme  layers: — 

1 .   From  Epiblast, — a.  The  epidermis  and  its  appendages. 

b.  The  nervous  system,  both  central  and  peripheral. 

c    The  epithelial  structures  of  the  sense-organs. 
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<L   The  epithelium  of  the  mouth,  the  enamel  of  the  teeth. 
t.    The  epithelium  of  the  nasal  paflft 

/.  The  epithelium  of  the  glands  opening  on  the  r,kin  and  into 
the  mouth,  and  nanal  passages. 
#.  The  muscular  fibres  of  the  sweat-gland.*.. 

2.  From  Mesoblast.  —  a.   The  skeleton  and  all  the  \sk 
tissues  of  the  body. 

6.  All  the  mnseles  of  the  body  except  those  of  the  sweat- 
glands. 

<?.  The  vascular  system,  including  the  lymphatics,  serous  mem- 
branes, and  spleen. 

d*  The  urinary  and  generative  organs,  except  the  epithelium  of 
the  bladder  and  urethra. 

Th* iSomctiopii  it r  forms  the  osseous,  Hhrous,  and  muscular  tissues 
of  the  body-wall  including  the  true  skin. 

The  Splanchnojdeitr  fori  us  the  fibrous  and  muscular  walls  of 
the  alimentary  canal,  the  vascuhir  system,  and  the  urino-genit&l 
organs. 

3.  From  Hypoblast. — a.  The  epithelium  of  the  alimentary 
canal  from  the  back  of  the  mouth  to  the  anus,  and  that  of  all  the 
glands  which  open  into  this  part  of  the  alimentary  tube. 

h.  The  epithelium  of  the  respiratory  cavity. 

c.  The  epithelium  of  the  Eustachian  tube  and  tympanum, 

d.  The  epithelium  lining  the  vesicles  of  the  thyroid. 

e.  The  epithelial  nests  of  the  thymus. 
/.  The  epithelium  of  the  bladder  and  urethra. 

The  Festal  Membranes. 

This  subject  will  be  best  understood  by  taking  a  view  (fig.  61; 
of  the  uterus  and  its  contents  after  the  formation  of  all  the 
membranes.  We  can  then  piss  to  the  way  iu  whieh  the  several 
membranes  are  formed. 

The  uterus,  the  muscular  walls  of  which  arc  hypertrophic^  is 
lined  by  a  greatly  thickened  mucous  membrane,  which  is  called 
the  thrift utt>  because  after  the  delivery  of  the  child  it  comes  away 
from  the  uterus  with  the  other  membranes.  The  decidua  is 
divided  into  three  parts  ;  the  lining  of  the  uterine  cavity  is 
called  the  decidua  vera  (dv)  ;  a  continuation  of  this  reflected  over 
the  foetus  and  its  membranes  is  called  the  decidua  rffltxa  (dr) ; 
the  portion  of  the  decidua  vera  which  is  situated  within  the  line 
of  attachment  of  the  decidua  reflexa  is  called  the 
strotimi  (dm).  These  membranes  are  matennd  in  origin.  Within 
the  decidua  reflexa  are  situated  the  fmtal  membranes ;  the  outer- 
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moat  of  these  is  called  the  chorion  ;  at  first  this  is  covered  with 
villi  containing  blood-vessels  ;  the  villi  dip  into  the  surrounding 
decidua,  hut  soon  all  of  them  atrophy  and  disappear,  except 
those  that  dip  into  the  deeidua  sen  Kin;!,  where  they  become 
greatly  enlarged. 

The  chorion  is  really  formed  by  a  fusion  of  two  foetal   mem- 
bran  es  ;  the  false  a  a  l  n  *'*  HI  Ifid  t  h  e  *tf{<nit  oii  ;  the  al  1  an  toi  s  be  gfan 


Pig",  6t 7. — Diagrammatic  view  of  a  vertical  transverse  section  of  thenterua  at  the  seventh 
or  eighth  week  of  pregnancy*  e,  f,  c\  cavity  of  uterus,  which  becomes  the  cavity  of 
the  detilua,  opening  at  e,  r,  the  cornuu,  into  the  Fallopian  tubes,  and  at  <"'  into  the 
cavity  of  the  cervix,  which  in  closed  by  a  plug  of  murun;  d  v,  di'tidua  vera;  d  rf 
dectdaa.reflexa,  with  the  sparer  villi  imbedded  in  iU  substance ;  d  c,  deeidua serotina, 
involving  the  more  developed  chorionic  villi  of  the  commencing  placenta.  The  foetus 
is  seen  lying  in  tbe  amniotic  sac  ;  puK-tin*?  up  from  the  umbilicus  \»  seen  the  umbilical 
cord  and  it*  vcwels  passing  to  their  distribution  in  thf  villi  of  the  chorion ;  also  the 
pedicle  of  the  volk-nac,  which  lies  in  tlie  cavity  between  the  amnion  and  enorion, 
(Allen  Thomson.) 

as  an  outgrowth  from  the  hind-gut;  the  niesoblast  which  covers 
it  becomes  developed  into  blood- vessels,  and  thus  the  false 
amnion  to  which  it  becomes  adherent  is  vascnlarised  ;  the  main 
vessels  in  the  stalk  of  the  allantoic  convey  Mood  to  and  fro 
betweett  the  foetus  and  the  placenta.  The  placenta  is  formed 
k.p,  3  r 
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partly    of    nuil iTiinl    tissue   (deeurud  t);    partly    of    fotal 

tissue    [chorion).      Within   the    chorion    is   another   fetal   mem- 
brace,    which    ii  attached  to    the   ventral  wall  of  the  embryo; 
it   is  called    the  timittoju      This   forms  a  sheath   to   the   :>l 
stalk  <>r  uirtJuh'oii  cwh  and  is  thru  reflected  over  the  rest  of  the 
embryo,      In  the  umbilical  cord  ere  seen  the  remains  of  thr 


Tig,  61H,— TJiayiutn  of  na  «>arly  stage  of  the  fnunnlion  <>f  (Jm  htmmn  placmtm,  *♦ 
embryo  ;  h,  amnion  ;  6  pln<  entni  rWMflll ;  -/,  <Widun  rvrtex*  ;  *,  chorion  ,  /,  |<laemt*i 
villi  {   ir,  murauH  tuetnbnuie  or  ikfiftflli  *■&.    (Gulint.) 

sac  or  lom&Mau  The  amnion  is  tilled  with  amniotic  0mi 

in  which  the   fu-tus  floats,  and   is  thus  protected    from    external 
violence.      The  of  uteri  is  closed  by  a  plug  of  mucus. 

Fig.    61S    is  a  rather  more  diagrammatic    vn-w   of   the  same 
structures   in  outline,  the    villi   over   the   general   surface  of  the 

chorion  having  disappeared. 


Development  of  the  Decidua. 


The  ovum  which  has  been  fertilised  in  the  Fallopian  tube  usually 
arrives  in  the  uterus  in  the  condition  of  the  trilaminar  blastoderm. 
It  is  larger  than  the  undeveloped  ovum,  btxt  still  it  is  extremely 
small.  It  arrives  in  the  uterus  from  which  the  mucous  hninbnuie 
was  removed  in  the  preceding  menstrual  flow,  and  the  new  mucous 
lining  (decidua)  which  is  in  progress  of  growth  is  thicker,  men 
pulpy,  and  has  longer  glands  than  it  would  have  bad  if  fertilisation 
had  not  occurred.  In  this  the  ovum  is  speedily  imbedded, 
usually  uear  the  fundus  of   the  uterus  ;  the  mucous  membrane 
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grows  over  the  little  ovum  and  enoloBOe  it,  and  so  the  decidua 
refiexa  is  formed  ;  the  decidua  serotina  is  that  part  of  the  decidua 
vera  which  intervenes  between  the  ovum  and  the  Uterine  wall 
within  the  circle  of  attachment  of  the  decidua  reflesa. 

With  the  Bubeequi ^it  growth  of  the  ovum,  the  decidua  refleza 
expendfl  also,  encroaching  more  and  more  on  the  uterine  cavity, 
and  ultimately  coming  into  contact  with  the  decidua  vera,  with 
which  it  blende* 

The  glands  of  the  decidua  were  at  one  time  supposed  to  receive 
the  villous  outgrowths  of  the  chorion.  It  has  since  been  shown 
that  these  grow  into  the  subetanoe  between  the  glands.  The 
glands,  however,  furnish  a  secretion  called  uterine  milk,  which 
assists  the  nourishment  of  the  embryo  previous  bo  the  establish- 
ment  of  the  placental  circulation.  Later  on  the  glands  are 
obliterated. 

The  decidua  serotina  is  the  part  which  undergoes  most  change  ; 
an  irregular  spongy  tissue  is  formed  in  this  situation  ;  and  the 
RpMeti  bo  the  Bpongework  are  filled  with  blood  !  the  sponge  work 
of  vascular  spaces  is  incompletely  divided  into  what  are  called 
cotylfihn*  by  fibrous  bands  \  and  each  cotyledon  receives  a  much 
hypeittuphied  chorionic  villus.  It  is  this  conjunction  <»f  chorionic 
villi  with  decidual  tissue  that  makes  up  the  placenta,  which  at 
full  term  is  seven  or  eight  inches  across  and  weighs  nearly  a 
pound. 

The  placenta  is  the  situation  where  the  foetus  receives  its 
nutriment  and  its  oxygen.  There  is  no  direct  communication 
between  the  vascular  systems  of  the  mother  and  fectus.  The 
sinuses  of  the  placenta  are  tilled  with  maternal  blood  from  the 
uterine  arteries  ;  the  uterine  veins  carry  it  away ;  hut  in  these 
blood-spaces  the  tufts  of  foetal  blood-vessels  are  hanging.  Oxygen 
and  nutriment  pass  through  the  walls  of  theiYet.il  hl<  rod-vessels 
from  the  maternal  to  the  foetal  blood,  and  earliouic  acid,  urea 
and  other  waste  products  pass  in  the  contrary  direction.  The 
fcetal  blood  leaves  the  foetus  by  the  two  umbilical  arteries,  which 
are  the  terminal  brauehes  of  the  fcetal  aorta ;  these  pass  in  the 
stalk  of  the  allantois  to  the  placenta,  and  after  undergoing 
nation  in  the  placental  tufts  the  blood  returns  by  the 
umbilical  vein  to  the  fcetus  once  more. 


Development  of  the  Foetal  Membranes. 


The    Y oik- sac. — We    have  already   considered   the  way   in 
which  the  body  of  the  embryo  is  pinched  ofT  from  the  yolk-sac. 

3  p  2 


DEVELOPMENT. 


[ch,  bin, 


Numerous  blood  vessels  are  developed  in  its  wall,  and  the 
nutriment  thus  absorbed  from  it  passes  to  the  f<etal  heart  by  two 

veins   called    the    omphaio-metentcric 

items.  The  blood -vessels  are  first 
d   at  the   circumference   of  a 

clear  area  surrounding  the  embryo; 

and  the  pi  lated 

is  called  \ be  vftsoular  area.     T 
shown  About    the  natural   size  in  the 
In  ns  egg  111  6g.  619. 

In  birds  the  yolk-sac  affords 
nutriment  till  the  end  of  incuba- 
tion, and  the  omphalo-moenterie 
vessels  are  developed  to  a  corre- 
sponding hut  in  mammalia 
the   office   of    the    umbilical    vesicle 


Fig,  619.— Diagram  showing  ymn- 
colar  area  in  the  chick,  a,  area. 
pellucida;  h,  area  voaculosa; 
e,  area  vitcllimi. 


Fig.  620. 


Tig.  <5at. 


Fig.  622. 

Figs*  630,  621 ,  and  62/  —  Din  grams  showing  three*  successive  utage*  of  development.  Trans* 
verse  vertical  aecti.niK.  Tb»  yolk-wac,  y*,  is  seen  profrresaively  dinumslmi*  in  sue. 
Id  the  embryo  itwlf  the  medullary  canal  and  nntochord  wr*  *?en  in  section.  *\iD 
middle  fl^tire,  the  aUaeoten  canal,  becoming  pinched  off  from  the  yolk-«ac;  o'ila 
lower  figure,  aliioentnir  canal  completely  closed.  ;  a,  tn  last  two  figures,  amnion;  *«, 
cavity  of  amnion  nllea  with  aronkitir  fluid  ;  pp.  space  between  amnion  and  chorion 
continuous  with  the  pleura-peritoneal  cavity  inaide  the  body  ;  vt.  \  tallUM  n 
or  zitiHk  pellucida  ;  ya,  yolk-sac,  or  umbilical  vesicle,     ( Foster  and  Balfour. ) 
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ceases  at  a  very  early  period)  as  the  quantity  of  the  yolk 
is  small,  and  the  embryo  boob  becomes  independent  of  it  by 
lOQixections  it  forms  with  the  parent.  Moreover,  in  birds, 
as  the  emptied)  it  is  gradually  drawn  into  the  abdomen 

through  the  lynhilical  opening,  which  thru  closes  over  it  :  but  in 
mammalia  it  always  remains  mi  the  outside  ;  and  as  it  is  emptied 
it  contracts  (fig.  622),  shrivels  up,  and  together  with  the  part  of 
its  duct  external  to  the  abdomen,  is  detached  and  disappears, 
either  before  or  at  the  termination  of  intra  uterine  life,  the  period 
of  its  disappearance  varying  in  different  orders  of  mammalm. 

When  blood-vessels  begin  to  be  developed,  they  ramify  largely 
over  the  walls  of  the  umbilical  vesicle,  and  are  actively  concerned 
in  absorbing  its  contents  and  conveying  them  away  for  the 
nutrition  of  the  embryo. 

At  an  early  stage  of  development  of  the  foetus,  and  some  time 
before  the  completion  of  the  changes  which  have  heeu  just 
described,  two  important  structures,  called  respectively  the 
amnion  and  the  attamtai^  begin  to  be  forme*!. 

Amnion, — The  amnion  is  produced  as  follows: — Beyond  the 
head-  and  tail -folds  before  described  -(p.  797),  the  somatoplcur 
coated  by  epihlast,  is  raised  into  folds,  which  grow  up,  arching 
over  the  embryo,  not  only  anteriorly  and  posteriorly  but  also 
laterally,  and  all  converging  towards  one  point  over  its  dared 
surface  (fig.  624). 

The  folds  not  only  come  into  contact  but  coalesce.  The  inner  of 
the  two  layers  forms  the  true  amnion  ;  it  is  composed  externally  of 
mesoblast  and  is  lined  by  epihlast  ;  the  outer  layer  is  termed  the 
false  amnion  ;  it  is  composed  externally  of  epihlast  and  is  lined 
by  mesoblast.  It  coalesces  with  the  inner  surface  of  the  remains 
of  the  original  vitelline  membrane  or  zona  pelhioida. 

The   cavity  between  the  true  amnion  and  the  external    surface 

of  tlii*  embryo  becomes  a  closed  space,  termed  the  amtu* 

(ac}  fig.  622). 

At  first,  the  amnion  closely  invests  the  embryo,  hut  it  becomes 
gradually  distended  with  fluid  (li*pior  timuii),  which,  tis  pregnancy 
advances,  reaches  a  considerable  quantity. 

Tins  fluid  consists  of  water  containing  small  quantities  of 
albumin,  urea,  and  salts.  Its  chief  function  during  gestation 
appears  to  he  the  mechanical  one  of  affording  equal  support  to  the 
embryo  on  all  skies,  and  of  protecting  it  as  far  as  possihle  from 
the  effects  of  blows  and  other  injuries  to  the  abdomen  of  the 

mother.      It  is  an  emulation  from  both  fecial  and  maternal  hi 1: 

the  10  Hues  from  the  festal  urine,  which  is  passed  into  it 

iu  the  later  months  of  pregnancy. 
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Fi§f.  6j},—  Human  em- 
bryo of  fifth  week 
with  umbilical  reti- 
cle; about  natural 
sue.  (Dtilt- 
hum >iu  umbilical  ve- 
sicl.»  utfti  exceed* 
the  ftix"  of  h  small 


Yi«.  6j4.  —  Dia 
undated  « 
umbilical  tc*1c 
amniotic  irnvji 
allmutou 


i 


On  referring  tm  Bga  (»;ot  62i  and  689,  it  will  ) bvfous  thai 

|i    the  ammonf  between  it  and  the  fain*  amnion, 
is  continuous  with  the  pleuro-peritoneal  cavity  :•  t  the  umbilicus. 
This  cavity  is    not  enl  iterated  even 

at  birth,  and  contains    a  small  quantity 
Quid,  which  is  discharged  during  parturition 
either  before,  <>r  ;<• 
same  time  at  the  am 
tic  fluid, 

Allantoia.  —  Into 

tins   Space    the   nllautois 

sprouts   out,    its    forma- 
tion commencing  during 

the  development   of  the 

amnion. 

( trowing  oat  from  the 

binder  portion  of  the  in- 

testjnaj  canal  (c,  fig.  6  a  4}, 

with  which  it  communi- 
catee, the  aUantoie  is  at  ftret  a  solid  peainihaped  dm  kaneh- 
nopleur  ;    it    beoomee  vesicular  by  the  projection  into   it   of  a 
hollow    outgrowth    of    hypoblast*      The 
hypoblast,  however,  docs  nor  extend 
far.     The  meaoblastac  part  of  the  ullautots 
very  soon  becomes  vascular,  and  insinuates 
itself  between  the  amniotic  folds,  just  de» 
d.     It   unites  with  the  outer  of  the 
tWO   folds  {false  amnion),  which  lias  itself, 

as  before  said,  beoome  one  with  the  re- 
mains of  external  investing  membrane  of 
the  egg,  4a  it  grows,  the  allantoia  be- 
comea  exceedingly  vascular;  in  bii 
envelopes  the  whole  embryo — taking  up 
vessels  to  the  outer  investing  membrarje 
of  the  egg,  and  lining  the  inner  surface  of 

the  shell  with  a  vascular  membrane,  by 
Hording  an  ext  i  irface 

in  which  the  blood  may  bi  L     In 

the   human    subject  and    in  other  mam- 
malia, the  vessels   carried    by  the    allan- 
toia are   ultimately    distributed   only   to 
a  special   part  of  the  false  amnion,  \\ 
by  interlacement  with  the  vascular  sy~: 
of  the  mother,  the  placenta  is  developed. 


Fig,  6 *5.— Fecundated  ew 
with  iilbmtiii*  nearly 
complete  '■,.  inner  layer 
of  amniotic  fold  .  fc,  outer 
layer  of  dil 

whet*  the  amniotic  foldi 
come  io  coutiict.  The 
aJlimtiim  i«  M^n  pene- 
trating: between  the outer 
and  Inner  layer*  of  thr 
fotda.  Thi* 
agtore.  irhi  fa  t<  pntflaU 
only  the  amnion*  foMs 
and  the  partn  within 
them,  should  be  coin- 
pared  with  fljrs.  617,  618, 
in  which  will  be  found 
the  structure*  external 
to  these  fold*.   [Dal ton,) 
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In  mammalia,  as  tiro  visceral  lamina-  eloee  In  the  abdominal 
cavity,  the  allantoie  is  thereby  divided  at  the  umbilicus  into  two 
portions  ;  the  outer  part,  extending  from  the  umbilicus  to  the 
chorion,  soon  shrivels  ;  while  the  inner  part  remaining  iti  the 
abdomen,  is  in  part  converted  into  the  urinary  bladder ;  the  portion 
of  the  inner  part  not  so  converted,  extends  from  the  bladder  to  the 


nfr,ta 


Fig,  627, 


Fig»,  6*6  and  6-/7.  <u  chorion  with  villi.  The  villi  are  ahown  to  be  beat  developed  in  the 
part  of  the  chorion  to  which  the  allaafnia  is  extending;  thi-*  pirtiou  ultimately  be- 
come* the  placenta ;  ft,  spaw  between  the  true  and  fal»e  amnion  ;  r,  amniotic  cavity  ; 
d.  Hitujition  ui  tbfl  int.  otitic,  -iiouimr  iu  connection  with  the  umbilicial  vesicle;  «t  mn- 
bilic&l  vedolfl  j  /,  .-.it  nut  ion  of  heart  and  vsmels ;  f,  ilkal  1 


umbilicus,  under  the  name  of  the  tw  Afterbirth  the  um- 

bilical cord,  and  with  it  the  external  and  shrivelled  portion  of  the 
allantois,  are  cast  oft"  at  the  umbilicus,  while  the  vrarhm  remains 
as  an  impervious  cord  stretched  from  the  top  of  the  urinary 
bladder  to  the  umbilicus,  in  the  middle  line  of  the  body,  imme- 
diately beneath  the  parietal  layer  of  the  peritoneum. 

Th©  Chorion. — This  is  formed  by  the  fusion  of  three 
membranes,  namely,  the  original  vitelline  membrane,  the  outer 
layer  of  the  amniotic  fold  (false  amnion),  and  the  allantoic  which 
supplies  it  with  blood-vessels. 

Very  loon  after  its  formation,  its  outer  surface  is  beset  with 
fine  processes,  chorionic  mlfi  (a,  figs.  626,  627),  which  give  it  a 
rough  and  Lppear&noe.    At  first  only  cellular  in  structure, 

these  little  outgrowths  subsequently  become  vascular  by  the 
development  in  them  of  loops  of  capillaries  (fig.  628) ;  and  the 
latter  at  length  form  the  minute  extremities  of  the  blood-vessels 
which  are  conducted  from  the  fcetus  to  the  chorion  by  the  allantois. 
The  function  of  the  villi  of  the  chorion  is  evidently  the  absorption 
of  nutrient  matter  for  the  fcetus ;  and  this  is  probably  supplied  to 
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Fig,  618. 


them  at  flnt  from  the  fluid  goal  rated  by  the  glands  of  the 

uterus    in    which   they  are    soaked.      Soon,    however,    the    fa 
vessels  of  the    villi   come    into  more   intimate   relation    with   the 
vessels  of  the  uterus.      The  part  at   which   this   relation  bet* 

the    vessels   of   t 1  those  of 

the  patent  eusues,  is  oot,  however,  onr 

the  whole   surface  of  the  ohori 
although  all  the  villi  become  vascular, 

Otne  indistinct  or  disa] 

i  pi  hi  one  retbey  ar 

de\  id  hv  their  bf 

with  the  vessels  of  the   ttl 
the    formation  of    tli 
structure  and  functions  «>f  the  placenta, 

however,  we    have  ah  1  in 

oonneetion  i  ith  the  deckhxa, 

1 '  I  M 

Of     the     following    parts: —  (i.)      Ex- 
ternally,   a   layer  of    the 
fleeted    over    it    from    the    umbilii 
(2,)   The   umbilical    vr.Mcle  or  yolk-sac    with    its    duct    and    ap 
pertaining  omphalomesenteric   bkw  (3.)    The    remains 

of    the    allantois,    and     continuous    with    it    the    uraehus. 
The  iinihihm  two  arteries  and  one  vein,  which  ultimately 

form  the  greater  part  of  the  cord.    These  are  embedded  in  a  j* 
like  connective  tissue  called  the  Whartonian  jelly. 

Tk$  Att>rt'rfh. — In  parturition,  the  pressure  of  the  ut 
and  abdominal  walls  upon  the  uterine  contents,  and  especially  00 
the  amniotic  fluids,  causes  a  bulging  of  the  membranes  (combined 
decidtue,  chorion  and  amnion)  through  the  OS  uteri.  When  the 
membranes  are  ruptured  the  fluid  escapes,  and  then  the  foetus  is 
expelled.  Later  contractions  of  the  uterus  detach  the  placenta 
from  the  Uterine  wall,  and  this  is  in  turn  expelled  ;  th  ion 

exteuds  around  the  decidua  Lining  the  rest  of  the  uterus,  and, 
turned  inside  unit,  thi>   U  placenta,  carrying  with  it  the 

other  membranes.  This  constitutes  the  after  birth.  The  sever- 
ance of  the  umbilical  cord  should  not  be  done  until  some  minutes 
after  the  birth  of  the  child,  or  it  is  deprived  of  a  good  deal  of 
the  blood  which  is  subsequently  squeezed  out  of  the  placenta 
into  it, 
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Development  of  the  Framework  of  the  Body* 

The  notochord  is  a  primitive  vertebral  column  which,  unlike 
the  tm<  ral  column  that  replaces  it,  is  a  single  rod.     In 

amphioxus  and  the  lampreys,  however,  it  remains  in  the  adult  as 
a  permanent  skelet.il  support.  In  structure  it  closely  n  s»  mhles 
cellular  _r    (p.   5 7 ),   and    is   enclosed   in  a  sheath.      It   is 

comjHtst'il  of  a  very  insoluble  proteid  like  matter,  which  is,  however, 
not  collagen.  Collagen,  and  gelatin  which  is  formed  from  it  by 
boiling,  ST6  characteristic  of  true  connective  tissues;  these  are 
fanned  from  uiesoblast:  the  notochord  is  hypoblastie.  It  contains 
also,  like  all  embryonic  tissues,  1  huge  quantity  of  glycogen.  Its 
place  is  ultimately  occupied  by  the  vertebral  bodies,  but  traces  of 
it  are  found  even  in  the  adult  in  the  centres  of  the  intervertebral 

The  proto vertebrae  or  proto vertebra!  somites  form  the 
vertebne  and   other  structures  as  well      Each  divides  vertically 

0  two  parts,  an  inner  and  an  outer.  It  is  the  inner  division 
that  forms  the  vertebffe  ;  the  outer  di visum  is  called  the  musculo- 
cutaneous plate,  and  it  is  continued  into  the  general  mesoblast 
which  divides  into  the  splanchuopleur  and  somatopleur  with  the 
pleuro-peritoncal  cavity  between  them. 

The  inner  portion  of  each  pair  of  proto  vert  ebnc  grows  around 
the  notochord  and  in  time  almost  obliterates  it  ;  this  forms  the 
bcxly  of  the  vertebra  ;  it  also  grows  around  the  primitive  spinal 
eord,  and  so  forms  the  neural  arch  of  the  vertebra.  This  part  of 
the  protovrrtrl.ra  is  more  distinctly  separated  from  the  other 
meats  of  the  protovertebnd  column  from  the  first,  and  so 
allows  the  spinal  nerves  which  are  sprouting  out  from  the  spinal 
cord  to  leave  the  spinal  cord  for  the  body  walls. 

At  first,  nil  these  parte  are  composed  of  protoplasmic  embryonic 
cells,  but  as  development  progresses  the  cells  become  specialised 
in  Function  and  structure,  some  becoming  cartilage  cells,  others 
muscular  fibres,  <i*e.  At  a  later  date  still,  the  cartilaginous 
vertebra  arc  replaced  by  bone. 

The  vertebra  do  not  exactly  correspond  in  their  jxisition  to  the 
proto  vertebra*  ;  each  vertebra  is  developed  from  the  contiguous 
halves  of  two  protovertebne.  The  rtginaj  segmentation  of  the 
protovertebne  disappears,  and  a  fresh  subdivision  occurs  in  such  a 
way  that  the  intervertebral  disc  is  developed  opposite  the  eentn 
of  each  protovcrtehra.  In  the  museulo-cntaneous  plate  are 
developed  the  muscles  and  true  skin  of  the  body  wall,  and  the 
ribs. 
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While  rii    »  changes  have  been  going  on,  the  ventral  walls  of 


the  embryo  have  been  formed  by  the  downgrowtb  oj  the  cephalic 
fold  in  the  head  region,  the  caudal  fold  ai  the  tail  end  «»f  the 
animal,  and  the  two  Lateral  or  umbilical  folds  which  grow  last  and 
enclose  the  thoracic  and  abdominal  organs. 

The   embryo  also  undergoes   oertain   ohangea   in   form  and 
attitude ;    in    the  first   place   t&rrion    t&k<  -  more 

marked  in  birds  and  reptiles  than  in  mammals  ;  by  this  term  one 
means  that  the  embryo  no  longer  lies  ventral  surface  <l<'\\nwaid* 
facing  the  yolk-sac,  hut  turns  slightly  over  BO  that  the  left  aide  is 
lowermost;   in  birds  the  embryo  may  turn  thi  larter  of  » 


Fig.  6a$.— A  human  embryo  of  thef-uitl.  tei  m  length— i,  Uie  chorion;  i.psrt 

of  the  amnion;  4,  umbilical  vesicle  with  its  lua%  m^r  into  the  sbd«nom,  7. 

the  hemrt ;   8t  the  liver  ;   9,  the  visceral  »n-li  destined  I  lower  jaw.  bcn»tt 

which  are  two  other  visceral  arche*  separated  by  the  branchial  cleft*  ;  10,  rudinv-nt  of 
ttM  upper  extremity;  11,  that  of  the  lower  exO-  nnf>  ,  ■  - ,  the  umbilical  coed;  15* 
the  eve ;  16,  the  ear ;  1 7,  cerebral  hemisphere* ;  [8,  optic  lube*,  corpora  quadngettma. 
;Miiltcr.« 

circle.  Then  the  vertebral  column  becomes  curved,  but  the  chief 
bend  is  known  as  the  principal  cephalic  fltxurt*  Tin- occurs  at 
the  anterior  end  of  the  notochord  ;  it  is  a  ($00 

in  the  region  of  the  mid-brain,  which  is  subsequently  the  position 
<»f  the  §effa  tat  • 

In  connect  ion  with  this  nmst  be  mentioned  the  deveJoprm 
the  pituitary  body  which  occupies  the  sella  turcica  in  the  adult 
It  is  formed  by  the  meeting  of  two  outgrowths,  one  fnmi  the 
fofftaJ  brain,  which  grows  downward,  and  the  other  front 
epiblast  of  the  buccal  cavity,  which  grows  up  toward**  it.  The 
surrounding  mesoblast  also  takes  part  in  its  formation.  Th« 
connection  of  the  first  process  with  the  brain  becomes  narrow ed» 
and  persists  as  the  \uh\udibulum,  while  that  of  the  other  process 
with  the  buccal  cavity  &\sa\>\tfiB,T*  ro\s^\»\y 
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The  IiimbB,— The  muscles  of  the  body  developed  from  the 
lateral  extensions  of  the  protovertebne  are,  at  first,  like  the 
vertebra-,  imaged  in  successive  segments  or  myotonies.  This  is 
very  well  seen  in  the  ringed  condition  of  the  muscles  ill  such 
simple  vertebrates  ail  iiuiphioxus.  Kven  in  fishes,  where  the  limbs 
are  not  in  a  high  state  of  development,  the  muscular  segments  are 

well  seen.  They  are  seen  abo  in  man  in  the  intercostal  muscles, 
and  in  the  abdominal  region  are  indioated  by  the  transverse  septa 
across  the  rectus  abdominis,  but  here,  :i^  in  other  mammals,  this 
simple  metamerte  segmentation  is  masked  by  the  great  develop- 
ment of  the  large  muscles  which  attach  the  limbs  to  the  four 
corners  of  the  trunk. 

The  limbs  are  lateral  extensions  of  segments  or  somites  in 
certain  situations.  They  consist  of  parietal  mesoblast  covered  by 
epiblast.  At  first  there  is  simply  a  hud,  but  this  grows,  and  in 
time  divides  into  three  segments,  ami,  fore-arm,  and  band  in  the 
upper  limb  ;  thi-h,  ]<-;,  mid  foot  in  the  lower  limb.  The  hand 
and  foot  then  give  rise  to  buds  corresponding  to  the  dibits,  Kach 
limb  is  connected  to  n  limb  girdle.  The  e pi  blast  here,  as  else- 
where, forms  the  epidermis  ;  the  true  *kin,  subcutaneous  tissues, 
muscles,  blood-vessels,  and  cartilages  (subsequently  replaced  by 
bone)  arc  formed  by  differentiation  from  the  mesobla-st.  In 
further  development  the  positions  of  the  limbs  become  shifted  by 
rotation,  so  that  the  anterior  (radial)  border  of  the  upper  limb 
becomes  outermost,  and  the  anterior  (tibial)  border  of  the  lower 
limb  I  internal. 


Formation  of  the  Head, 

In  the  formation  of  the  head,  a  number  of  elements  are  con- 
cerned. There  is  first  the  notochord,  wbiefa  extends  as  far 
forwards  as  the  t&ormm  Pltto  ;  this,  however,  as  in  the  vertebral 
column,  is  transitory,  and  is  Boon  replaced  by  a  primitive  cartila- 
ginous cranium  developed  from  the  mesoblast  around  it,  as  the 
vertebrae  are  developed  from  the  protovertebne.  This  forms  the 
base  of  the  skull.  The  roof  or  cranial  vault  is  formed  by  mem- 
brane bones,  that  is,  bones  not  preceded  by  cartilage;  sense 
capsules  which  are  formed  around  prolongation!  of  the  brain,  and 
the  visceral  arches  and  slits  contribute  to  the  formation  of  that 
part  of  the  head  which  is  called  the  face.  The  mesoblast,  which 
continues  up  the  protovertebne  into  the  head  region  on  each  side 
of  the  notochord,  is  not  separated  into  parts  corresponding  to 
vertebra.  Cartilage  is  formed  in  it ;  two  cartilaginous  bars,  one 
on  each  side  of  the  notochord,  are  called  the  parachordal  cartilage 


and  two  other  bars  embracing  the  pituitary  body  situated  in  front 
of  these  are  railed  the  tirabectda  cmnii  (fig.  630,  a).  These  unite 
in  front,  and  with  the  parachordal  cartilages  behind  to  form  a 
continuous  mass  (basilar  cartOage),  which  completely  invests  the 
DOtochotd  posteriorly  (fig,  630,  n).  The  parachordal  part  of 
represents  the  hasi-occipitnl  and  k»si  sphenoid  ;  the  prechordal 
part  represents  the  pre-Spheooid  and  ethmoid  portions  ;  posteriorly 
and  at  the  aides,  oartUagmouB  plates  grow  over  the  cerebral 
vesicles,  hut  tliis  onlv  OCCUrS  to  a  small  extent  in  mammals.  In 
ie  animals  the  occipital  region  alone  is  roofed  in  by  cartilage; 
the  rest  of  the  cranial  vault  being  formed  of  neaubrane  bones. 

Anteriorly  the  united  trabecule  Form  the  ethmoid  cartilage  and 
the  nasal  septum,  and  enclose  the  nasal  pits  externally. 

I 'mil,  the  ndee  of  the  pre-sphenoid,  the  lesser  wings  or  orbito- 
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Fig.  63a.— Diagrams  of  the  oartilog-inous  cranium. 
A,  first  stage.     '"A,  oolochurd  ;    2V,  trabecule  cranii :    /'.  <ft.,  parachordal  cartibures;   /*, 

nituution  of  pituitary  body;    ,V(  K\  0,  nil  nations  uf  ulfact*  nd  auditory 

organs, 
rt.  later  stage.     P.  basilar  cartilages;    5.  nasal  septum  and  ethmoidal  oartilagtsi ;    Ktk, 

Efft  .  prolongations  of  cLhmoid  it  round  olfactory  °rgat».  completing  the  najHil  capsule 

Jfp  A".  0,  f  ht  TV,  l\  as  before.     (After  Wicderchrn.. 

sphenoids  containing  the  optic  foramina  are  developed,  and  from 
the  sides  of  the  ba&i-sphenoid  th<  greater  uhi#s  or  aliapheno 
A  cartilaginous  capsule  invests  the  auditory  rariule  and  becomes 
QOMected  to  the  parachordal  cartilage  00  I  mi  h  side.  It  is  called 
the  periotic  capsule;  within  this  boftj  centres  are  funned,  aud 
the  bone  constitutes  the  petrous  and  mastoid  portions  of  the  tem- 
poral bone. 

The  Visceral  Clefts  and  Arches. — In  all  vertehrata  tan 
is  at  one  period  of  development  a  series  of  slits  in  the  neck  region; 
these  are  formed  as  tnpushingfl  from  the  exterior,  and  open  into 
the  anterior  end  of  the  alimentary  canal.  These  are  six  m 
number,  hut  in  man  the  two  hinder  ones  rapidly  dt  the 

first  enlarges  and  forms  the  mouth  ;  ami  at  the  sides  of  this  the 
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eyes  are  formed    by  depressions  of   the    skin    which    meet    the 
Optic  .  outgrowths  from  the  brain.     The  nasal   pits  take 

origin  as  two  simple  depressions,  the  primary  olfactory  or  nosed 
pits;  fcb&e  become  ootmected  to  the  first  cleft  or  mouth*  The 
•  «iid  slit,  which  oorre&pondi  to  the  spiracle  of  fishes,  becomes 
the  extern*]  auditory  meatus  rod  khe  Eustachian  tube.  The 
remainder,  which  correspond  to  the  gill  slits  of  fishes,  entirely  close 
Up  in  mammals,  and  no  glib  are  developed  on  their  margins. 

The  anterior  border  of  each  cleft  (SORBS  a  fold  or  lip,  the 
branchial  or  visceral  fold.  The  posterior  border  of  the  last 
cleft  is  also  formed  into  a  fold,  so  that  there  are  four  clefts  and 
five  folds,  hut  the  three  most  anterior  are  far  more  prominent 
»  the  others,  and  Of  these  the  second  U  the  most  conspicuous. 
Tin*  first  fold  nearly  meets  its  fellow  in  the  middle  line,  the  second 
ess  nearly,  and  the  others  in  order  still  less  so.     The  first  arch 


Fig.  64l«-*JU  Magnified  view  from  before  of  the  head  and  neck  of  h  human  embryo  of 
about  three   weeks    (from  Eckcr1.  rubral   vehicle  or  cerebrum;   2, 

mid-i:  ,    middle  or   fronto-naaal    process;   4,  superior  maxillary  process; 

5,  eye ;  6,  inferior  maxillary  proceaa*  or  first  visceral  arch,  and  below  it  the  first 
pout-oral  cleft;  7,  8T  9,  seeond,  third,  niid  fourth  arches  and  idefta.  a.  AftMior 
view  of  the  head  uf  a  human  tottou  of  about  the  fifth  week  'from  ticker  .—  r,  a,  3.  5, 
tbft  same  part*!  iiida;  4,  the  external  nasal  or  lateral  frontal  process;  6,  the 
superior  m  ix  llary  process  ;  7,  the  lower  jaw  ;  x  ,  the  tongue  ;  8,  first  post-oral  deft 
becoming  the  meatus  audi  tori  uk  externum. 


gives  off  a  branch  from  its  \nmi  e<L'e,  which  passes  forwards  to 
meet  its  fellow,  but  these  oAhoota  do  not  quite  meet,  being 
i  ted  by  a  process  which  grows  down  wards  from  the  head, 
lit hvecn  the  branches,  or  maxillary  ]i  1  and   the  main   first 

fold  is  the  cavity  of  the  mouth.  The  branches  represent  the 
superior  mt villa,  and  the  main  folds  the  mandible  or  lower  jaw. 
The  central  process,  which  grows  down,  is  the  fronto-uasal  process. 

From  or  in  connection  with  these  arches  the  following  parts  are 
developed  ; — 

The     first    arch     (mandibular)    contains    a    cartilaginous   rod 
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(Meckel^  cartilage),  around  the  distal  end  of  which  the  lower  jaw 
is  developed,  white  the  malleus  i-  from  the  proximal  end. 

When  the  maxillary  processes  Cm  the  two  sides  fail  partially  or 
completely  to  unite  in  the  middle  line,  the  well-known  condition 
termed  cUftrpctfaU  results.     When  the   Integument  of  the  face 
its  a  similar  deficiency,  wc  have   the  deformity   known  as 


Fig.  63*.— Embryo  cWck  d  jw  a  transparent  object,  lying  on  its  left  a 

I  magnified  1.     C  //,  cerebral  heminph- res ;  F  /'.  fore-brain  or  vesicle  of  third  1 

with  Pa.  pineal  glund  projecting  from  it*  summit  j  M  B,  mid-bruin  ;   C  A,  e*n 

/r„  V,  fourth  viutnrk-;  L,tana;  0  k  «\  choroidal  «ljt ;  On,  C,  auditory  vesicle;  §  m, 
superior  maxillary  procei*s  ;  iF,  »  F,  ic,  first,  second,  third,  and  fourth  visceral  fold*  ; 
1%  fifth  nerve*  sending  one  branch  (ophthalmic)  to  the  eye,  and  another  to  the  first 
visceral  axon;    VII,  seventh  nerve,  pausing  to  the  second  visceral  arch  ;   0.  ph.  \ ' 


1  nerve,  pacing  to  the  third  visceral  arch  ;   P  § ,  pneumogaatric  nerve-  pass- 


ing toward*  the  fourth  visceral  arch  ;  i  p,  investing  mass ,  c  *,  notochord  ;  it*  L__ 
■sd  MUDdl  t»e  seen  in  the  living  embryj,  and  it  does  not  end  an  shown  in  the  figure 
but  takes  a  sudden  bend  downwards,  and  then  terminates  in  a  point;  //«,  heart  seen 
through  the  walls  of  the  chest;  M  P,  muscle-plates ;  !#',  wing.  *l*»winjr  commencing 
differentiation  of  negraonta,  corresponding  to  arm,  forearm,  and  hand ;  S  S,  somatic 
stalk  ;  Al,  allantoic  ;  H  {.,  hind-limb,  as  yet  a  shapele*-  bod,  showing  no  differentia- 
tion.   Beneath  it  in  seen  the  curved  tail.    (Foster  and  Balfour.) 


hare-lip.  Though  these  two  deformities  frequently  ooearist,  they 
are  by  no  means  always  necessarily  associated. 

The  upper  part  of  the  face  in  the  middle  line  is  developed  &XBD 
the  troittaf-wtmf  pffOOOn  (a,  J,  fig.  631). 

From  the  secontl  arch  are  developed  the  incua,  Hapet**  and 
sf.tfuhm  muscle,  the  styloid  process  of  the  temporal  bone,  the 
tfyfo-kgoid  ligament,  and   the  mnatter  eomu  of  the  hyoid  bone. 


•  The  origin  of  the  ear  ossicles  given  In  the  text  is  only  one  of  five  < 
different  viewa  that  have  been  advanced  by  different 
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From   the   tk  nt\  arch,  the  greater  corn  it  and  bodff  of  the 

liyoid  bone  arise.      In  man  and  other  mammalia  the  other  arches 
disappear.     They  occupy  the  position  where  the  neck  is  afterwards 

A  distinct  connection  is  traceable  between  these  visceral  arches 
arid  certain  cranial  nerves  :  the  trigeminal,  the  facial,  the  glosso- 
(thai -y ii.lT'  "I.  and  the  vagus.  The  ophthalmic  division  of  the 
trigeminal  supplies  the  froo to-nasal  process  ;  the  superior  and 
inferior  maxillary  divisions  supply  the  maxillary  and  mandibular 
tpectively. 

The  facial  nerve  distributes  out  branch  (chorda  tympani)  to 
the  first  visceral  arch,  and  others  to  the  second  visceral  arch. 
Thus  it  divides,  enclosing  the  cleft  next  behind  the  mouth. 

Similarly,  the  glossopharyngeal  divides  to  enclose  the  third 
risoem]  cleft,  its    lingual  branch  being  distributed  to   the  second, 

and  its  pharyngeal  branch  to  the  thin)  arch. 

The  Vagus,  too,  sends  a  branch  (pharyngeal)  along  the  next 
arch,  and  in  fishes  gives  off  paired  branches,  which  divide  to 
enclose  the  remaining  br&nehial  clefts. 


Development  of  the  Vascular  System, 


We  have  already  mentioned  that  at  an  early  stage  in  develop- 
ment the  a  ulom  makes  its  appearanoe  in  the  part  of  the 
yolk-sac  which  is  separated  from  the  body  of  the  embryo  by  a 
clear  space  (see  fig.  619),  This  is  produced  by  mcsoblastic  cells 
becoming  hollow,  filled  with  blood,  and  uniting  to  form  embryonic 
capillaries  (see  p.  409)-  Tin  Is  converge  to  two  tnmks, 
One  on  each  side,  which  are  called  the  omphalomesenteric  or 
ptielli$U  veins,  and  these  lead  to  the  embryonic  heart. 

The  heart  is  developed  in   the  splanchnopleur,  by  a  folding  off 

of  the  pleuroperitoueal  cavity.      It  appear-  beneath  the  posterior 

end   of   the   fore-gut.      Its    first    appearauee,   however,   is  as  two 

,  inie  on  each  side  of  the  fore-gut.      This  is  shown  in  outline 

in  the  next  diagram  (fig.  &$$). 

It  will  be  seen  that  the  medullary  groove  is  enlarged  anteriorly, 
and  the  primary  optic  vesicli  owing  from  the  first  cerebral 

enlargement     Eight  pairs  of  protoTertebra  are  shown;  and  on 
either  side  of  the  head  the  primitive  tubular  heart  (H)  is  seen. 

If  we  look  at  a  rather  later  stage,  shown  in  transverse  section 
in  the  next  figure  (fig.  634),  we  see  the  two  tubular  hearts  cut 
across,  and  approaching  one  another  beneath  the  alimentary 
canal,  which  is  being  cut  oil*  from  the  yolk-sac. 
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Rg«  635  shows  how  the  two  primitive  tulies  have  coalesce  I  En 
form  one  (H)  beneath  the  anterior  cud  of  the  alimentary  canalt 


ng. 


.  633.— Babbit  embryo  of  the 
ninth  day,  seen  from  the 
surface.    (After  Kolliker 


Fig.  634.— thairraminatic  section  of  embryo 
"    ■piblrtrft";  5o,»mA  topi  ear;  >>,«pUarh- 
ilour;  P.P.,  the  pleunu- peritoneal  cari. 


F.epiblaat;  £o,«omato»]pur;  \  ,  «pl*o<  h- 
UQpiltt 
ty  between  them  ;  "//.heart  ;  X  C  , neural 


cord  ;  Nt  not* .  n  rtebra ; 

A .  (7. ,  alimentary  canal ;    rj„  y otk-iae. 


which   is   in  this  region   quite    cut  ofi*  from    the  yolk-sac.     On 
each   side  of  the  notoehord  are    seen   two  smaller  tubes  (A  A) 


Kg.  635.— Diagrammatic  transverse  section  of  embryo.    N,  nob.chortl  j    A.C.,  alimentary 
canal ;  //,  heart  -   VS.,  yulk-sac ;  P.P.,  pleuro-peritoneaJ  cavity. 

in  section;    these  are   the   transverse   sections   of  the   pri 
aortas. 

The  heart  so  formed  presents  the  appearance  depicted  in  fig. 
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636;  this  is  viewer!    from  below,  so  that   the  heart  receiving  the 

I  wo  oinphalounesrnterie  veins  at  its 
hinder  end  is  seen  above  the  ali- 
mentary canal,  the  yolk  -sac  having 
been  removed. 

The  heart  glTee  off  anteriorly 
the  primitive  aorta,  wliieh  BOOH 
divides  intn  two  ;  these  pass  round 
the  blind  anterior  end  of  the  ati- 
iiirntary  canal,  and  then  pass  hack 
along  its  dorsal  aspect  00  BOoh  side 
of  the  notooboid,  as  seen  in  trans- 
verse section  in  fig.  635. 

The  heart  is  at  first  a  simple 
tube,  but  soon  is  divided  into  a 
longitudinal    series    of    chambers 

which  trim  tract  in  the  order  named 
f  r«  n  u  1 «  h  I  re  1 M 1  e  k  w  aids:  ( t }  t  h  e 
sinus  TQQO0US,  where  the  veins 
enter;    {2)    the    auricle,    which    in 


FSg.  6^6,— Embiyo  chick  fjb  liutus), 
Tiewed  from  ben  mth  M  n  trains 
parent  object  i magnified), 


Wig.  f  57  —  Hmrt  of  the  chick  at  Hm  Lfttfca  65th, 
and  Sstb  hour*  of  jucubation , 
trunks;    2*   the    auricle;    j,,  the    ventricle; 
4,  the  bulbua  arteriosus.     (Allen  Thomson.) 


mammals  fuses  with  the  until  to  form  a  single  chamber  ;  in 
fishes  and  amphibians  sinus  and  auricle  are  distinct  ;  then  comes 
(3)  the  ventricle,  and  (4)  the  commencement  of  the  aorta,  which 
is  called  the  aortic  bulb*  Later  on  the  hi  'art  is  twisted  upon 
itself  in  the  way  represented  in  fig.  637,  so  that  the  auricle 
gets  on  the  top  of  the  ventricle,  and  the  ventricle  increases 
m  relative  strength  and  size. 

Fig.  638  represents  the  primitive  bead  and  vessels  in  outline. 
The  omphalo -mesenteric  veins  (  1,  1 ;)  enter  the  auricle  (2)  ;  then 
come  the  vent  ricle  (3)  and  aortic  bulb  (4);  the  two  primitive 
<Hi  n>inL'  from  this  pass  forwards  and  then  turn  backwards 
over  the  end  of  the  fore-gut,  and  join  together  to  form  the  dorsal 
aorta  (6)  lower  down  ;  the  big  branches  (;T  7)  which  it  gives  off 
are  the  two  omphalomesenteric  arteries  to  the  yolk     " 

The  smaller  allantoic  or  umbilical  arteries  (8,  8)  pass  to  the 
k,p.  3  G 
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allantoic,  the  circulation  in  wlii<  h  bflgini  BODOj  :unl  thi>  renlares 
the  circulation  from  the  yolk  sue,  which  in  mammals  is  very  in 
Significant      The  umbilical  arteries  are  the  terminal   biami 
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Fig,  638.— Early  Htage  o'  «n- 
bryonie.  heart  and  blood- 
vessels. 


Fig.  639.  Diagram  of  young  embryo  and 
ilH  wielii  Kb  owing  course  of  dm- 
lation  in  the  nml  e;  and 

al*o  that  of  tbe  allantoic  1  near  tar 
caudal  pxtreinitj   .  which  in  just  c 
nirncmg.     (Da]  ton.) 


the   Fcvtal  aorta;    the  common   iliac   uteriei)   to  the  lower  limbs 
arise  later,  when  the  limbs  begin  to  form. 


Fiff<  6.10.— Diagram  of  embryo  and  it*  vessels  at  a  later  stage,  showing  die  second  cir- 
culation, Thn  pharynx,  cHsopliagus,  and  intestinal  canal  have  bee* one  father 
developed, and  the  mesenteric  arteries  have  enlarged,  while  tbe  umbilical  vesicle  and 
its  vascular  branches  are  very  much  reduced  in  tin,  The  large  umbilical  arteries 
an  seen  passing  out  in  the  placenta.      Dal  ton.) 


THE    POSTAL    CIRCULATION. 

Tlit-  replae<  mm  ni  iif  the  circulation  iii  the  yolk-sac,  of  umbilical 
bj  the  allantoic  or  placenta)  circulation  is  illustrated  by 
te  next  two  diagrams  (figs*  639,  640), 

he  body  develops,  new  and  new  veins  form,  and  the 

heart  becomes  more  complicated.  The  ventricle  ifl  divided  into 
two  (light  and  left)  by  a  scptuni  ;  the  hulb  divides  into  kwo,  and 
on*  □    leads   from   the   right   ventricle  to   the  pulmonary 

Rtety  :  the  other  leads  as  the  mats  aorta  from  the  left.  The 
irioles  are  also  divided  into  two  (right  and  left),  but  the  com- 
plete separation  of  the  two  auricles  does  not  take  place  til)  after 
birth.      Before  birth,  as  we  sii  when  describing   the   later 

d  riividatiou,  some  of  the  blood  which  enters  the  right  auricle 
passes  into  the  left  auriele  by  a  wide  opening  called  the  foreman 
ovate. 

The  pulmonary  artery  leads  direct  into  the  aorta;  the  brant  thai 
to  the  lungs  are  small  and  unimportant :  it  is  not  till  the  child  is 
bom,  and  begins  to  use  its  lungs,  that  the  arteries  to  them  assume 
importance  ;  then  also  the  communication  with  the  aorta  is  closed, 
and  remains  as  0  cord,  called  the  ductui  arteriotvt. 

These  changes  will  be  grasped  bettor  if  we  look  at  the  two  next 

K  diagrams  (figs.  641,  642). 
The  heart  (fig.  641 )  is  in  s  rather  more  advanced  stage  than  In 
fig,  638  j  it  is  beginning  to  get  a  twist  which  is  bringing  the  ven- 
tricle, now  increasing  in  size,  into  its  subsequent  position  ;  but  it 
is  seen  that  instead  of  two  simple  arches  uniting  to  form  a  dorsal 
there  ari  now  five.  Thesr  ■  unvspoud  to  the  gill  arteries  of 
fishes,  but  in  nianunals  never  break  up  into  capillaries,  as  in  a 
fish's  gills.  They,  however,  run  in  the  visceral  arches,  between  the 
nsoeraJ  (hits.     In  amphibia,  three  pairs  persist  through  life. 

In  reptiles  the  fourth  pair  remains  throughout  life  as  the  per- 
manent right  and  left  aorta  ;  in  birds  the  right  one  remains  as  the 
permanenl  aorta,  curving  over  the  right  bronchus  instead  of  the 
left  as  in  mammals. 

In  mammals  the  left  fourth  aortic  arch  develops  into  the  per- 
manent aorta,  the  right  one  remaining  as  the  subclavian  artery 
of  that  side.  Thus  the  subclavian  artery  00  the  right  side  cor- 
responds to  the  aortic  arch  on  the  left,  and  this  homology  is 
further  confirmed  by  the  fact  that,  the  recurrent  laryngeal  nerve 
hooks  under  the  subclavian  on  the  right  side,  and  the  aortie  ;m  h 
on  the  left 

The  fifth  arch  disappears  on  the  right  side,  but  on  the  left  forms 
the  pulmonary  artery.  The  distal  end  of  this  arch  originally 
opens  into  the  descending  aorta,  and  this  communication  (which  is 
permanent  throughout  life  in  many  reptiles  on  both  sides  of  the 
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body)  remains  throughout  total  lift1  under  tie-  B*mt  of  the  ductus 
arteriosus:  the  branches  of  the  pulmonary  art. 

left  lung,  arc  vi  rv  small, 

and  most  of  the  blood   which 

is  forced   into  the  pulmonary 

art* N  through  the  wide 

inn    arteriosus    into    the 

descending  aorta.  The  first 
and  second  afofaaB  BOOfl  dis- 
appear,  hut   the   thiol   an 

and    portions  of    the    aortic 

roots  remain  as  the  eurot  I d 
arteries  (see  fig*  642). 

A>  the  u  nd  >i  Heal  YOaiclc 
dwindles  in  size,  the  portion 
of  the  nmphalo  mesenteric 
arteries  outside  the  body  gra- 
dually disappears,  but  the  part 
inside  the  body  remains  as  the 
lerie  arteries. 

Meanwhile  with  the  pmwth       Fig.  642,— Diagram  of  the  aortic  arches  to  1 

mammal,  showing  transformation*  whicb 
give riae  to  the  permanent  arterial  vessels. 
A ,  primiti ve  arterial  stem  or  aortic  bulb, 
now  divided  into  J,  the  ascending  part 
of  the  aortic  arch,  and  j»,  the  putnamen , 

n«hi  ktiiI  left  aortic  tool 
winding  aorta;    1,   1,   },   4.  §,  th. 
primitive    aortic    or    ttUMuftal    areata . 
/,  //.  ///,  /r,  the  four  branchial  dclts 
wbkh,  fur  the  sake  of  cltanwa  haw 
lNL-en  omitted  on  the  right  *ido.    TI-- 
mannnt  systemic  vessel*  are  deeply*  the 
pulmonary  arteries  lightly,  shaded  ;  the 
part*  of  the  primitive  arches  which  are 
transitory  art-  siuiply  outlined  ;  c,  plaeed 
between  the  permanent  common  carotid 
arteries  ;   c  *,  external  carotid  art«  I 
internal    carotid  arteries;    *,    r 
subclavian,  i\m\u«  from  the  right  aortic 
root  beyond  the  ttfth  arch  ;  i ,  right  verte- 
bral  from  the  same,  opposite  the  fourth 
arch  ;  i    /,  left  vertebral  and  subclavian 
arteries  rising  together  from  the  I*  t 
p*1  moment  noetic  root,  opposite  the  fourth 
arah  :  f>,  pulmonary  arteries  rising  toge- 
ther from  the  1*  ft  fifth  arch  ; 
back    pMrt  of   left    fifth    an-h,   I  anion/ 
ductus  arteriosus;   p  n,  p  a*,  right  and 


Fig*  641.-  Embryouic  heart  aud  Vessel*. 

o.  v»'in>i  J'„  huikI"-;  \\  venlnVlu  ; 
0,  r.uJIi  .  1,  ?,  j,  4,  >t  primitive  aortic 
srehes, 

of  tiie  allantoic  two  new  arteries  (umbilu  md  rapidly 

s<.'   in  si/.e   till  tW^  wxv  v\\c  Uw^est  brauohea  of  the  aorta; 


l'  ft  iniHumogHstric  in 

front  of  i*4»riic  arch,  with  their  recurrent 

briecitm 

11  ted    diagrammaticaQy 

H  p*esje 

illusttate  the  reia- 

UODI  "1 
riu'ht   mil 

i,,  m  nervei  lespetiiin  ly  *«>  o>* 
iclavian  arte-                    bs  area 

of  the  aorta  and  dn 
Allen  Thomson,  uft#r  Hal 
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tlirv  are   for  a  long  time  considerably  larger   than   the  external 
which  supply  the  comparatively  small  hind-limbs, 
Vrin*. — The  earliest  \ "fins  to ■  appear  in  the  fast  m  &re  t  Iil-  muphalo- 
mesenteric  or  vitelline,  which  return  the  blood  from  the  yolk 

<  veloping  auricle.  As  soon  us  the  placenta  with  it«  umbilical 
veins  is  developed,  these  unite  with  the  oniphalo-rneseuhi ii .  and 
thus  the  blood  which  reaches  the  nuricle  comes  partly  from  the 
yolk-sac  and  partly  from  the  placenta.  The  right  omphalo- 
mesenteric and  the  right  umbilical  veins  B00O  disappear,  and  the 
united  left  omphalomesenteric  and  umbilical  veins  pass  through 
the  developing  liver  on  the  way  to    the    auricle.     Two  S 


<*N 


fig.  641. — Diagram*  illustrating  the  development  of  vtinn  about  the  liver.  It,  d,  e9  duet* 
of  Curler,  riffht  mi!  L<  -ft  ■  a,  riirht  and  left  mrcJmal  veins ;  o,  leftomphalo-me*oriT<  n. 
win :  o'»  right  ouiphalomrewiitcrifc  vein,  shrivelled  up ;  u  u,  umbilical  vein*,  of 
which  ti',  the  right  onet  ha*  disappeared.  Between  the  venrts  rardurale*  l»  neen  tht 
outline  of  the  in-litnnUry  liver  with  itavenw  hep*ties>  adveheotet  and  revel.- 
/>,  later  atage ;  /,  ductus  venoinui  ;  i\  hepatic  veins  ;  c  i„  vena  cava  inferior  ;  J\  portal 
rein  ;  P*  F%  vtnue  advehenteii ;  m,  mesenteric  veiru.    (KoUiker.) 

vessels  make  their  appearance  in  connection  with  the  liver  {venm 
<t<h>ehentr*f  and  revehentes),  both  opening  into  the  united  omphalo- 
mesenteric and  umbilical  veins,  in  mush  ■  W*J  that  a  portion  of  the 
venous  blood  travelling  the  latter  is  diverted  into  the  developing 
liver,  and,  having  passed  through  its  capillaries,  n  turns  to  the 
umbilical  vein  through  the  venie  revchontes  at  a  point  nearer  the 
heart  (see  fig,  643).  The  portion  of  vein  between  the  afferent 
and  efferent  veins  of  the  liver  is  culled  the  duthu  venotu*  The 
venre  advehentes  beeome  the  right  and  left  branches  of  the  porta] 
vein,  the  veiue  n ■vdientes  become  the  hepatic  veins,  which  open 
just  at  the  junction  of  the  ductus  venosus  with  another  large  vein 
(vena  cava  inferior),  which  is  now  being  develo] m  1 .  The  mesenteric 
portion  of  the  ompiudO'tncsciiteric  vein  returning  blood  from  the 
developing  intestines  remains  as  the  mesenteric  vein,  which  by  its 
Onion  with  the  splenic  vein,  forms  the  portal. 

Thus  the  total  liver  is  supplied  with  venous  blood   from  two 
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somces,  through  the  umbilical  and  portal  vein  respectively 
birth  the  circulation  through  fchfl  umbilical  vein  of  course  com- 
pletely  ceases  and  the  vessel  begins  at  once  to  dwindle,  so  that 
now  the  only  venous  supply  »>f  the  liver  is  through  the  pottal  vein. 
Another  system  of  veins  which  appears  early,  consists  of 
two  short  taausvsn ••  veini  (ducts  of  Cuvier)  which  open  into  the 

right  auricle  on  either  side  ;  each  is  formed  ley  tlie  union  of  an 
anterior  NUrdinsij  afterwards  forming  ft  jugular,  vein.  Collect- 
ing blood  from  the  head  and  neck,  and  a  posterior  cardinal  vein 
which  returns  the  blood  From  the  Wolffian  bodies,  the  vertebral 
column,  And  the  parietes  of  the  trunk.     This  tirraugement  ] 


Fig.  644.— Diagram*  illustrating  the  UYvflopmpnt  of  the  groat  veiM.    d  <r  ducta  of  Cur 
/,  jugular  veins  ;  A,  hepatic  n  ina      <;  cardinal  veins ;    *,  sub  I  /  1,  int< 

juguhir  vriu  ;    4 <*  nchnSM]  jutrulnr  vt-in  ;    n  j,  azygoa  vein,    n  E,  inferior  vena  < 
r,  mini  vein*  ;  *  lt  iliuc  veins  j  A  f j,  hypogastric  vein*.     (Qegvnbaur.) 


throughout  life  in   fishes,  hut   in  mammals  the  following  trans- 
formations occur. 

As  the   kidneys  are  developing  a  new  vein  appears  (vena  cava 
inferior),  formed  by  the  junction  of  their  efferent  veins,    It 
branches  from  the  le^s  (iliac)  and  increases  rapidly   in   site  as 
they  grow  :  further  up  it  receives  the  hepatic  veins,  which  by  this 
time   have   lost  their  original   opining  into   the  dm  isus. 

The  heart  gradually  descends  into  the  thorax,  causing  the  d 
of  Cuvier   to  become  oblique  instead  of  transverse.      As  the  fore- 
limbs  develop,  the  subclavian  veins  are  formed. 
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A  transverse  communicating  trunk  now  unites  the  two  primi- 
tive jugular  veins,  and  gradually  increases,  while  the  left  duct  of 
Cuvier  becomes  almost  entirely  obliterated  (all  its  blood  passing 
by  the  communicating  trunk  to  the  right  side)  (fig.  644,  c.  d.). 
The  right  primitive  jugular  vein  remains  as  the  right  innominate 
vein,  while  the  communicating  branch  forms  the  left  innominate. 
The  right  duct  of  Cuvier  becomes  the  superior  vena  cava.  The 
remnant  of  the  left  duct  of  Cuvier  geuerally  remains  as  a  fibrous 


'Renal 


Hepatic  Veins 


Left  Common  Iliac 


Ext.  Iliac 


Sciatic 


Fig.  645. 

band,  running  obliquely  down  to  the  coronary  vein,  which  is 
really  the  proximal  part  of  the  left  duct  of  Cuvier.  In  front  of 
the  root  of  the  left  lung,  another  relic  may  be  found  in  the  form 
of  the  so-called  vestigial  fold  of  Marshall,  which  is  a  fold  of  peri- 
cardium running  in  the  same  direction. 

In  some  of  the  lower  mammals,  such  as  the  rat,  the  left  duct  of 
Cuvier  remains  as  a  left  superior  cava. 

Meanwhile,  a  transverse  branch  carries  across  most  of  the  blood 
of  the  left  posterior  cardinal  vein  into  the  right;  and  by  this 
union  the  great  azygos  vein  is  formed. 


The  upper  portions  of  the  left  posterior  cardinal  vein  remain  as 
the  left  superior  intercostal  an  78°*  BUOOfi 

The  azygos  voids  receive  the  intercostal  veins  n-s  shown  in  the 
diagrams. 

These  views  of   tin  tlv  derived   from  the 

observation*  of  liathke  and  Gegenl  have  been  accepted 

bjfti  r  hut  some 

modi Seal ton  of  th<-  -   necessary.     According  right 

common  tliac  vein  and  the  portion  of  the  inferior  vena  cava  below  the  renal 
vein  are  parts  of  the  right  cardinal  vein,  and  the  greater  part  of  the  left 
common  iliac  is  the  transverse  iliac  vein,  a  vein  which  grows  across  at  a 
lower  level  than  the  transverse  azy.  >>&  views,  the  tower 

part  of  diagram  644D  would  have  to  be  altered  as  in  fig.  645. 


Circulation  of  Blood  d«  tub  Foetus. 

The  circulation  of  blood  in  the  foetus  differs  considerably  from 
that  of  t lie  adult.  It  will  be  well,  perhaps,  to  begin  its  descrip- 
tion by  tracing  the  course  of  the  blood,  which,  after  being  carried 
out  to  the  placenta  by  the  two  umbilical  an  1  returned, 

cleansed  and  replenlahcdj  to  the  foetus  by  the  umbilical  vein. 

It  is  at  first  conveyed  to  the  under  surface  of  the  liver,  and 
there  the  stream  is  divided, — a  part  of  the  blood  pissing  straight 
011  to  the  inferior  vena  CATA,  through  a  venous  canal  called  the 
ductus  wnoiuSf  while  the  remainder  passes  into  the  portal  vein, 
and  reaches  the  inferior  vena  cava  only  after  circulating  through 
the  liven  Whether,  however,  by  the  direct  route  through  the 
ductus  venosus  or  by  tie  roundabout  way  through  the  liver, — all 
the  blood  which  is  returned  from  the  placenta  by  the  umbilical 
vein  reaches  the  inferior  vena  cava  at  last,  and  is  carried  by  it 
to  the  right  auricle  of  the  heart,  into  which  cavit y  Lfl  also  pouring 
the  blood  that  has  circulated  in  the  head  and  neck  and  arms,  and 
has  been  brought  t«»  the  auricle  by  the  superior  vena  cava.  It 
might  be  naturally  expected  that  the  two  streams  of  blood  would 
be  mingled  in  the  right  auricle,  but  such  is  not  the  ease,  or  only 
to  a  slight  extent.  The  blood  from  the  superior  vena  cava, — the 
less  pure  fluid  of  the  two — j  imst  exclusively  into  the  right 

ventricle,  through  the  auneulo-vcntrieular  opening,  just  as  it  does 
in  the  adult ;  while  the  blood  of  the  inferior  vena  cava  is  directed 
by  the  fold  of  the  lining  membrane  of  the  heart,  called  the  Eusta- 
chian wilvt,  through  the  foramen  ovale  into  the  left  auricle,  whence 
it  passes  into  the  left  ventricle,  and  out  of  this  into  the  aorta,  and 
thence  to  all  the  body,  but  chiefly  to  the  head  and  neck  The 
blood  of  the  superior  vena  cava,  which,  as  before  said,  passes 


1  into 
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the  right  ventricle,  is  sent  nut  thence  in  jjiio//  am*nmt  through 

he  pulmonary  artery  to  the  lungs,  and  thence  to  the  left  auricle, 

DJ    the    pulmonary    veins,    as    in   the   adult.      The    jivater  part, 


Jf*ig.  646.— Lfi&grum  uf  the  Fa-tal  Circulation, 

however,  does  not  go  to  the  lungs,  but  instead,  passes  through  m 
canal,  the  dttfftM  otitriosiiE,  leading  from  tho  pulmonary  artery 
into  the  anrta  just  below  the  origin  of  the  three  great  vessels 
which  supply  the  upper  parts  of  the  Wh  ;  ml  there  meeting 
that  part  of  the  blood  of  the  inferior  vena  cava  which  has  not 
gone  into  these   large   vessels,    it  is  distributed  with   it   to   the 
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trunk  and  other  parts, — a  portion  passing  out  by  way  of  the  two 
umbilical    artrnts    to    the    placenta.       From   the    placenta   it  is 
returned    by  the  unibiheal  vein   to   the  under  surface  of  the  lb 
bom  which  the  description  started. 

Changes  after  Birth. — Immediately  after  birth  the  foramen 
ovale  begins  to  close,  and  so  do  the  ductus  arteriosus  and  ductal 
venoaus,  as  well  as  the  umbilical  vessels  ;  the  closure  is  com- 
pleted in  a  few  days,  so  that  the  two  streams  gf  hlood  which 
arrive  at  the  right  auricle  by  the  superior  and  inferior  vena  e 
respectively,  thenceforth  mingle  in  this  cavity  of  the  heart,  ami 
passing  into  the  right  ventricle,  go  by  way  of  the  pulmonary 
artery  to  the  lungs,  and  theme,  after  purification,  to  t lie  left 
auricle  and  ventricle,  to  be  distributed  by  the  aotta  to  the  body 
generally. 


Development  of  the  Kervous  System. 

The  central  nervous  system  originates  from  the  thickened 
walla  of  the  medullary  groove,  which  by  the  meeting  of  the 
dorsal  ridges  is  converted  into  the  medullary  canal.  These  \\;ilLs 
are  composed  entirely  of  cpihlast.  The  anterior  part  of  this  mass 
of  epi blast  beoomea  the  brain,  the  rest  of  it  the  spinal  OOrd  ;  the 
canal  itself  is  seen  in  the  adult  as  the  ventricles  of  the  brain  and 
central  canal  of  the  spinal  cord  The  nerves  are  formed  of 
epiblast  too,  they  are  outgrowths  from  masses  of  cells  called 
neuroblasts,  the  primitive  nerve-cells.  In  the  ease,  however,  of 
the  olfactory  and  optic  nerves  we  have  not  to  deal  with  solid 
outgrowths,  but  with  hollow  protrusions  from  the  brain,  which 
become  solid  at  a  later  stai 

The  Spinal  Card*— The  cavity  formed  by  the  closure  of  the 
neural  canal  soon  becomes  a  cleft  running  from  before  backwards. 
It  is  bounded  at  first  by  columnar  epithelium  ;  these  cells  afterwards 
become  ciliated;  on  their  exterior  is  a  homogeneous  baa 
membrane.  The  wall  soon  becomes  thicker,  and  the  1>« 
membrane  is  thus  separated  further  and  further  from  the  centra] 
canal.  This  increase  in  thickness  is  due  in  part  t»>  the  increase 
in  length  of  the  columnar  cells  :  hi  part  to  the  appearance  of  new 
cells.  The  inner  part  of  the  columnar  lining  retains  its  pa  life- 
like character,  and  forms  ultimately  the  Lining  epithelium  ol  the 
central  canal  The  cells  are  called  apotigiobtatU.  The  external 
ends  of  the  tells  break  up  into  a  reticulum  called  the  mydo- 
sj»>ti;fium,  mid  this  is  limited  externally  by  the  basement  membrane 
at  the  circumference.     The  niyelospongium  forma  the  ueurog] 
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Between  tlie  inner   ends  of    the   spongioblasts   (fig,    647,    S) 

TtuiiK rous   rounded  eel  Is  called  germinal  ceth  (O)  next  appear. 

rapidly  divide,  and    BO   farin   *>  \.      The   uetiro- 

Maftta   are    pear-shaped  ;  each   has   a  large  oval    nucleus,  and   its 

tapering  stalk  is  directed  towards  tiie  outer  surface  of  the  OOfd  ; 


Fig.  647.— Inner  end*  of  iipongiubbiitta  (8),  with  germtnAl  cell*   Oi  between  tbern.    M  \\ 
neuroblxttfU)  which  have  resulted  frutn  the  division  of  a  ^Terminal  Mil;    M 
apoogium  formed  by  the  branching  outer  einLi  of  the  npungiobl&sta.     (After  Hi*.) 

the  process  ultima!-  lv  ptettM  the  basement  membrane  (fig.  648), 
These  are  the  primitive  nerve  cells  ;  their  processes  are  the  axis 
cylinder  prooeaiCH  which  grow  nut  as  nerve  fibres.     The  nerve 


Fbj.  648.— Throe  neuroblasts,  each  with  n  nerve  fibre  proeetw,  yruwinK  out  beyond  the 
basement  membrane!  of  the  embryonic  ttpiruu  cord.     (After  Hi*.) 


fibres  are  first  without  sheaths  ;  the  formation  of  the  sheaths 
conies  later  {see  p.  105). 

The  neuroblasts  collect  into  groups,  one  «>f  which,  especially 
large,  is  at  the  situation  of  the  future  interior  limn  ;  the  pro- 
ol  ilk>  primitive  nerve-cells  pass  out  of  the  cord  as  the 
i lings  of  the  anterior  roots  (fig.  641/}.  The  somewhat  oblique 
coursing  of  these  fibres  before  they  leave  the  cord  forms  the 
beginning  of  the  anterior  white  column.  The  posterior  white 
columns  simultaneously  begin  to  appear  on  each  side  of  the 
narrow  dorsd  part  of  the  canal.  They  are  formed  by  the  pos- 
terior roots  entering  the  cord. 

As  the  corrma  of  grey  matter  grow  out  from  the  central  mass, 
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the  fissures  of  the  cord  begin  to  appear.     The  anterior  or  n 
fissure  is  simply  a  cleft  between  the  enlarging  lateral  halves  of  the 
cord.      The  posterior  fissure  is  formed  by  the  closure  of  the  dorsal 

portion  of  the  neural  oanal  which  meets  an  ingrowth  of  connective 

tissue  from  the  Qlterioor.  The  characteristic  cylindrical  form  of  t lie 
cord  is  attained  by  the  development  of  the  lateral  columns,  which 
are  formed  bj  theprooe&ei  tram  neuroblasts  in  the  brain  growing 

down  the  sides  of  the  cord,  and   these  become  medullated  at  a 


Flff,  649,— tectum  of  spina]  eofd  of  it  four  week**  rnnnan  embryo.    The  posterior  roota  are 
continued  within  the  rord  into  n  kibbJI  lonprif  udiiml  buuille*  which  i?  the  moV 
the  posterior  white  column.    The  unterior  root*  are  formed  by  tJHS  eanwrrau 
proeewei*  of  the  neuroblast*.    The  latter,  along  » itli  the  elonguted  cell*  of  tbe  mydo- 
xpoxxgium,  compoae  the  givy  matter.     ;Hia.} 

liter  period.      The  mem  Wanes  and  blood-  vessels  are  formed  b 
I  last. 

Up  to  the  fourth  month  the  cord  and  vertebral  canal  increase 
in  length  port  pat***  but  after  that,  the  vertebral  canal  grows 
faster,  so  that  at  birth  the  coccygeal  end  <«f  the  cord  is  opposite 
tbe  third  lumbar,  and  in  the  adult  opposite  the  first  lumbar 
reitebffai  This  gives  an  obliquity  to  tbe  lower  w< 
which  together  with  thv  jj/ Hftt  terminal*  farm  the  cavd 

The  'Nerves. — These  grow  from  the  spinal  cord  ; 
of  the  anterior  roots  we  have  already  considered     The  posterior 
routs  are  formed  in  the  following  way. 


■ 

origin 
iterior 
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Along  the  dorsal  aspect  of  the  primitive  cord,  a  crest  of 
epiblast  appears  and  is  called  the  neural  crest.  Special  enlarge- 
ments of  this  appear  opposite  the  middle  of  each  pair  of  proto- 
vertebne ;  these  grow  downwards  on  each  side,  and  their 
attachment  to  the  cord  is  then  entirely  lost.  These  little  islands 
of  epiblast  contain  numerous  neuroblasts ;  each  island  forms  a 
spinal  ganglion,  and  the  neuroblasts  within  it  become  the  cells  of 


Fig.  650.— a,  Bipolar  cell  from  spinal  ganglion  of  a  4^  weeks  embryo  (after  His),  n, 
nucleus ;  the  arrows  indicate  the  direction  in  which  the  nerve  processes  grow,  one  to 
the  spinal  cord,  the  other  to  the  periphery,  b,  a  cell  from  a  spinal  ganglion  of  the 
adult ;  the  two  processes  have  coalesced  to  form  a  T-shaped  junction. 


that  ganglion.  Two  processes  grow  from  each  cell ;  one  directed 
towards  the  spinal  cord,  where  it  contributes  to  the  formation  of 
the  posterior  white  column,  and  ultimately  arborises  around  the 
cells  of  the  grey  matter  at  a  higher  level.  The  other  grows  to  the 
periphery.  The  two  processes  become  blended  in  the  first  part 
of  their  course  and  so  the  T-shaped  junction  is  formed  (fig.  650). 

The  Brain. — The  histological  details  of  the  formation  of  the 
epithelium  of  the  ventricles  from  spongioblasts,  of  neuroglia  from 
the  myelo8pongium,  of  nerve  cells  from  neuroblasts,  and  of  the 
nerve  fibres  of  the  white  matter  and  of  the  nerves  as  the  out- 
growths from  the  neuroblasts,  are  all  essentially  the  same,  as 
already  described  in  connection  with  the  spinal  cord.  But  the 
grosser  anatomical  details  differ. 

The  front  portion  of  the  medullary  canal  is  almost  from  the 
first  widened  out  and  divided  into  three  vesicles.  From  the 
anterior  vesicle  the  two  primary  optic  vesicles  are  budded  off 
laterally  :  their  further  history  will  be  traced  in  the  next  section. 
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qevhut  later  the  Baoie  reticle  divides  into  two,  and  thus  the 
prosencephalon  and  thcdamencephaion  are  formed. 

In  the  walls  of  the  posterior  (third)  cerebral  vesicle,  a  thicken- 
ing ('rudimentary   cerebellum)  which   becomes  separi 
from  the  rest  of  the  vesicle  by  ■  deep  inflection. 

At  this  time  there  arc  two   chief  curvatures   of  the   bruin   (fig, 
651).     (1.)  A  sharp  bend  of  the  whole  cert  >  downwards 

mnnd   the  en  I    oj    tin-   QOtOOhord,  by  which   the  anterior   vehicle, 

I     * 


ma  * 


\/ 


Fig.  651.— Early  stage*  in  development  of  human  brain  (magnified),  f .  a,  3,  are  from  an 
embryo  about  Keren  weeks  uld  ;  4,  about  three  months  old.  m,  middle  cerebral  vesicle 
{ntafteneepn&km) ;  e,  cerebellum  ;  m  0,  medtrila  oblongata  ;  i.  tbalanuntephalun  ;  A, 
homi.iplu-rt-(i ;    P,  infundihulum ;    tig.  3  shows  the  several  curves  which  occur  in  the 


of  development ;  tip,  4  is  a  lateral  view,  showing  the  great  enlargement  of  the 
cerebral  hemispheres  which  have  covered  in  the  thalami,  leaving  the  optic  lobes.  at, 


uncovered.     ( Kullik  er 
N.B.— In  n>.  1  the  line  1  terminates  in  the  right  hemisphere 
into  the  thalamencephalom 


it  ought  to  be  continued 


which  was  the  highest  of  the   three,  is  bent  dowmv nds,  and 

middle  one  oQcnea  to  occupy  the  highest  j>osiuon.     (2,)  A  sharp 

bend,  with  tin-  convexity  forwards,  which  runs  in  from  behind 
beneath  the  rudimentary  oen  bellum  >«  pozstizig  it  from  the 
medulla. 

Thus,  live  fundamental  parts  of  the  feetal  brain  may  be  di 
LTuislnd,  which,  together  with  the  parts  developed  from  tin  n», 
be  presented  in  the  following  tabular  view  : — 
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Table  of  Parts  dkvelowto  from  Fundamental  Parts  of 
Brain. 


I.  Anterior 
Primary 
Vesiel«\ 


KhM   Secondary  \ 
Proaeiieephalop,      ^r 

Fore- brain. 


Second  Secondary  Vesi- 
cle, Thalamencepbn- 
lon,  or  Twixt-brain. 


-Anterior  end  of  third   vcnhtHc, 

foramen  of  Mon  n  i,  lateral  wn> 
1  rides  cerebral  hemispheres, 
eorporastrfatm,  oorpm  callosum, 

fornix,  lateral  ventricles,  oJfac- 
fc      tory  bulb. 

ThaLami  optici,  pineal  gland,  pari 
of  pituitary  body,  third  ven- 
tricle, optic  nerve  and  retina, 
infundibulnm. 


II    MMdte      |  TWTd  .Secondary  „         „ 


quadrigeinina,      crura 


III.  Po-t  1! 
Primary 
Vesicle. 


.   rVmrth   SeoondlfJ  Vesi- 
I      ele,  Meteric*'i>haln|]. 

;,r)    BiBd-T 


-brain. 


1 1 


Fifth  S,  ron.larv  Vesicle, 
Epeneephnlon, 
Aftcr-biain. 


Fourth 

tricle. 


Rom 

Medulla 

gate. 


and 


oblon- 


Tbe  cerebral  hemispheres  grow  rapidly  upwards  and  back  wards, 
«hik  from  their  inferior  surface  the  olfactory  bulbs  are  budded 
off.  The  middle  cerebral  vesicle  { mesencephalon)  for  some  time 
is  the  most    prominent   part   of    the  foetal   brain,  and   in  fishes, 


Fig.  6<a, — Side  view  of  foetal  brain  at  huc  month4!,  nhowioK  mrmuiiwruent  of  formation 
of  the  prmcipuj  navnrea  and  convolution*,  K  frontal  lohe;  f\  parietal  j  0,  r>ecipital  : 
T%  MIBjpanl;  <«  a  a,  commencing  frontal  convolution*:  $.  Sylvian  tbwure ;  *',  its 
anterior  division  ;  e,  wM  itnd  lobe  or  inland  of  Kail ;  r,  fb»uiv  of  Rolando  ; 

P.  pan  1 1  assure.    (R.Wagner.) 


amphibia,  and  reptiles,  it  remains  uncovered  through  life  as  the 
optic  lobes.  But  in  birds  the  growth  of  the  cerebral  hemispheres 
thrusts  the  optic  lobes  down  laterally,  and  in  mammalia  com- 
pletely overlaps  them, 

In  the   lower  mammalia   the    backward   growth  of   the  hemi- 
splu  68,  but   in  the  higher  groups,  such  as  the  monkeys 
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and  man,  they  grow  still  further  back,  until  they  completely 
cover  in  the  e» _-rehclhimt  so  that  on  looking  down  on  the  brain 
bom  above,  the  cerebellum  fa  quite  OOOOetled  from  view,  Tlie 
surface  of  the  hemispheres  is  at  first  t}Qi1  hT  bat  as  early  as 

the  third   month  the  great  begins  to  be  formed 

(%  652). 

The  next  to  appear  is  the  parieto-oocipttal  hoe;  thorn 
great  fissures,  unlike  the  rest  Df  the  sulci,  are  formed  by  a  curving 
round  o!  the  whole  cerebral  mass, 

In  the  sixth  month  the  fissure  of  Kolaudo  appears:  from  this 
time  till  the  end  of  fretal  life  the  brain  grows  rapidly  in  size,  and 
the  convolutions  appear  in  quid  lOOCOttion  ;  first   ti  pri- 

mary   ones    AM    sketched    out,    rheti    the    secondary    ones.       Ik 


A 


Fig.  653,-  Longitudinal  «ection  of  the  primary  optic  reside  in  the  chick,  magnified  (from 
Kemakj,— A,  from  an  embryo  of  sixty-five  boon  ;    B,  a  few  boure  later  \    C,  of  the 


fourth  day  ;  t.  the  eomeouM  layer  or  epidermis,  presenting  in  A  the  open  4  _ 
far  tlu  I  ti*,  « In.  h  m  closed  in  H  and  C ;  K  the  len*  follicle  and  lens ;  pr,  the  primary 
optic  vesicle ;  in  A  and  11,  the  pedicle  which  form-  the  opt  .  nerve  is  shown ;  in  C\  the 
section  being  to  the  side  of  the  pedicle,  the  latter  is  not  shown ;  e,  the  secondary 
ocular  reside  and  vitreous  humour. 


commissures  of  the  brain  (anterior,  middle,  and  posterior),  and  the 
corpus  caHosum,  are  developed  by  the  growth  of  fibres  across 
middle  lhn\ 

The  Hippooampuj  major  it  formed  by  the  folding  in  of  the  grey 
matter  from  the  exterior  into  the  literal  ventricle*. 

The  Eye. — Soon  after  the  first  three  cerebral1  vesicles  have 
become  distinct  from  each  other,  the  anterior  one  sends  out  a 
lateral  vehicle  tnnn  each  side  (primary  optic  vesicle),  which  grows 
out  towards  the  free  surface,  its  o&vity  communicatiog  with  that 
of  the  cerchrai  vesicle  through  the  canal  in  its  pedicle.  It 
remains  connected  to  the  thulamcucephalon.  It  is  s<xm  met  and 
invaginated  by  an  in  growing  process  from  the  epiblast  of  the 
surface  (fir*.  653).  This  process  of  the  epiblast  is  at  first  a  depres- 
sion, whi« h  ultimately  becomes  closed  in  at  the  edges  so  as  to 
produce  a  hollow  ball,  which  is  thus  completely  severed  from  the 
epidermis  with   which   it   was  originally   continuous.      From  this 
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hollow  ball  the  crystalline  tana  i>  developed.     Hie  way  in  which 

Msribed  in  ft  previous  chapter  under  the 

head  <>r  Btrnctare  * »f  tin  tana  (pec  p.  ;  ,i  .1.     By  the  in-growtfc  <>f 

Ulterior  wall  of  the  primary  optic  vesicle  la  forced 

back  nearly  into  contact  with  the  posterior,  and  thus  the  primary 

!.  ijb  ibnoct  obliterated  The  cells  in  the  anterior  wall 

are  much    longer  than  those  of  the  posterior  wall ;    from  the 


flf,  654.— Diagrammatic  sketch  of  a  verticil 

ijilinil  s  <ctfau  through  th»  ■.v^ball  of 

four  week*.    The  section 

is  *  It t tie  to  the  Hide,  mo  a*  to  avoid  pu*nnfr 

tllto 

where  it  become*  later  r!-  ww  J  epitbe- 
liiim ;  \  the  taw)  sj»,  optic  narrc  funned 
by  the  pedicle  of  the  primary  optic  n 
cp,  primary  tuwImILitv  i  nvirv  Of  of  if  i<-  reti- 
cle, p,  the  pigment  layer  of  the  retina; 
r,  the  inner  wall  forming  the  remaining 
layer*  of  the  retina;  ■  -  nluy  optic 
le  containing  the  rudiment  of  the 
vitreous  humour      X  100,     f  Kulliker, } 


Fig,  6ns.—  Transverse  vertical  *eotton 
1  ?  he  eyeball  of  n  huimui  embryo 
of  four  weeks.  The  anterior  half 
of  the  section  is  represented' :  pr, 
the  remain*  of  the  cavity  of  the 
primary  Qpffe  reaiole ;  ■,  the  inner 
part  of  the  outer  layer  forming  the 
retinal  pigment ;  r,  the  thickened 
inner  part  giving  rise  to  the  otlu  1 
Ckmetttrea  of  th*-  ictina  ; 
commencing  vitreouj  humour 
within  the  -eennnary  optic  v. 
*•'.  the  iMulur  deft  through  wtii-  li 
the  loop  of  the  central  blood-re«HeU 
r,  projeeta  from  fielnw ;  t,  the 
len*  with  a  central  cavity,  x  100. 
LK8LI  I 


former  all  the  layera  of  tin-  retina  are  developed,  except  the  layer 

of  pigment  tells  which  is  formed  from  the  latter. 

The    OUp*ahaped    hollow   in    which    the    lens   is   now    lodgi 
teemed  tin   secondary  optic  vesicle:  its  walls  fltom  tip  all  round, 
leaving,  bowever,  a  slit  below  where  it  meets  the  lens. 

Through  this  slit,  termed  tin  nhotvidai  fiunr^  a  process 
of  meaoblael  containing  numerous  biood-veeaela  projects  and 
occtifi:  v  it y  of  the  secondary  optic  vesicle  behind  the  lens, 

Siting  it  with  vitreous  humour  and  furnishing  the  lens  capsule 
and  the  eapeiilo-pupillary  membrane.  This  proooai  in  mammals 
projects,  not  only  into  the  seeoudary  optic  vesicle,  but  also  into 
the  pedicle  of  the  primary  optic  vesicle  iuva^iimting  it  For  some 
distance  from  beneath,  and  thus  carrying  m^  the  01  T,r//> 

into  its  permanent  posignu  in  the  rent  re  of  the  optic  nerve. 

K.T.  7»  \\ 
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This  invagination  of  the  optk  nerve  does 

i    I  e<aise*puuitly  no  urteria  centralis  reii;  in  them.      But 

they  possess  an  Important  permanent  relic  <»f  the  original  protru 
shim  nf  the  niesnhiast  through  1 1  j <_-  choroidal  i 
while  a  remnant  of  tin-  same  Assure  sometimes  occurs  i 
under  the  name  ooloboma  iridis.  The  cavity  of  the  prima*] 
reside  becomes  completely  obliterated,  and  the  rods  and  eon 
get  into  apposition  with  the  pigment  layer  of  the  retina.  The 
inner  segments  <■!  1 1 n ■  roils  nrc  the  lirsl  formed,  then  the  outer. 
The  cavity  o(  its  pedicle  disappears  and  the  solid  optic  nerve  is 
formed,     Meanwhil.  itv  which  existed  in  the  centre  of  the 


lit 

:. 

m 


Flff.  656,— Blood-vetwflis  of  the  M!p*>-'l"'-'i'N['ill.<vy  tat  Nil'i .it)'-  ■'!  <»  WH  w-born  kitten. 
mftBnifled.  The  drawing  in  taken  frum  n  preparation  inje<"t«xJ  by  Tfenftb,  and  •how» 
in  the  central  jnirt  the  convergence  of  the  net-work  of  veateln  in  the  pupillary 
membrane.    (KiMlikir  ) 

primitive  lens  becO006fl  filled  up  by  the  growth  of  Hlo 

posterior  wait     The  epithelium  oi  the  developed  from 

the  epiUast,  while  the  corneal  tissue  proper  is  derived  from  the 
ojieaoUaat  wltieh  intervenes  between  the  spiblaat  and  the  primi- 
tive lens  which  was  originally  continuous  with  it.  The  Mferetie 
ooat  is  developed  round  the  eyeball  from  the  general  mesoblast  in 
which  it  is  embedded.  The  choroid  is  developed  from  the  meso- 
blast on  the  outside  of  the  optic  cup,  and  the  iris  by  the  _ 
forwards  of  the    anterior  edge  of  the  optic  cup.     The    oiHarj 

prooeSM    arise  frnin    the    hypertrophy  of  the  edge   of   the  optic 
cup  which  forms  folds  into  which  tJ.  da]  mesoblast  grows, 

and  in  which  blood- vessels  and  pigment-cells  develop. 

The  iris  is  formed  rather  late,  as  a  circular  septum  projecting 
inwards,  from  the  fore  part  of  the,  choroid,  between  the  lens  and 
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In    the   eye  of   the    feet  us  of   mammalia,  the  pupil  is 
closed    h      1   delicate    iiieuihrane,  the    Mi  pttptfAzrtf,  which 

forms  tin    front  portion  of  0  highly  vascular  mcmhraiic  that,  in  the 

totus,  surrotwde  the  tens,  and  is  named  d 

56).    It  is  supplied  wit h  blood  bya  branch  of  the 
.   Forwards  bo  the  back  of 

the  len>,  there  sul mIi\  i4es.  It  is  obliterated  in  the  adult,  and  is 
then  called  the  canal  of  Stilling,  Tin  mcmhraua  capsulo  papillaris 
withers  and  disappears  in  the  human  subject  a  short  time  before 
birth. 

The  eyelids  of  the  human    subject    and    mamuufermts    ami 

like  those  of  birds,  are  first  developed  in  the  form  of  a  ring, 
The)'  £hen  extend  over  the  globe  of  the  eye  until  they  meet  and 
become  firmly  agglutinated  to  each  other.  Hot  before  birth,  or 
in  the  carnivore  after  birth,  they  separate. 

The  Ear, — Very  early  in  the  development  of  the  embryo  a 
depression  or  Ingrowth  "t"  the  epibksf  occurs  on  each  lide  of  the 

bead  which  deepens  and  BOOHS  becomes  a  closed  follicle.  Tola 
primary  otic  wiscfe,  which  closely  corresponds  in  its  formation  to 
the  Ien4  follicle  in  the  eye,  -inks  down  to  smnr  distance  from    the 

smfate  ;  from  it  are  developed  the  epithelial  1  i e i i ?  1  i_r  of  the 
mat&rmou*  Labyrinth  of  the  interna]  ear,  ooneJating  of  the  vesti- 
bule and  toseemicfroalareanakand  the  scala  media  <>f  the  cochlea. 

The  surrounding  mesoblast  gives  rise  to  the  various  fibrous  Inmy 
rtilaginoue  parts  which   complete  ami   enclose   this   iuem- 

braaoua  labyrinth,  the  bony  Bemieircnlar  canals,  tin*  walls  of  the 
cochlea  with  its  scala  vestibuli  and  scala  tympanL  The  auditory 
nerve  is  gradual ty  differentiated  and  grows  towards  tlic  internal  ear. 
The  Eustachian  tube,  the  cavity  of  the  tympanum,  and  the 
externa]  auditory  passage,  are  the  remains  of  the  first  post-oral 
cleft.  The  membrane  tynipaui  divides  the  cavity  of  this  cleft 
into  an  internal  space,  the  tympanum,  and    the   external    meatus. 

The  mucous  membrane  of  the  pharynx,  which  is  prolonged  in  the 
n  of  a  diverticulum  through  the  Bustaohiaji  lube  into  the 

tympanum,  an  1  the  external  cutaneous  system  come  into  relation 
with  each  other  at  this  point ;  the  two  membranes  being  separated 
only  by  the  proper  membrane  of  the  tympanum. 

The  pinna  or  external  ear  is  developed  from  a  process  of 
integument  in  the  neighbourhood  of  the  Swt  and  second  visceral 
arches,  and  probably  corresponds  to  the  gill-cover  (operculum)  in 
fishes. 

The  Kose. — The  nose  originates  like  the  eye  and  ear  in  a  de- 
pttiSSiOfl  Of  the  superficial  eptblaet  at  each  side  of  the  frontonasal 
process    (primary    olfactory    pit),   which    is   at   first   completely 
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separated  from  tin*  cavity  of  the  month,  aud  g 

backwards  and  downwards  till  it  opens  into  the  mouth. 

Tim  outer  angles  of  the   frouto-iiasal  process,  uniting  with  the 
maxillary  process  on  e.e  "iiv. irt  Hi  ll  V 

into  a  closed  ermah     The  olfactory  nerve  whirl i  id-,  in,  like 

the  OpttC  nerve,  primarily  n  hollow  pn>e< 


Development  of  the  Alimentary  Canal. 

The  alimentary  ciiial  in  the  earlies; 
consists  of  three  distinct    parts — the    fore  and   hind   gtit   BodSflg 
blindly   at   each    end   of   tin?    body,  and    a    middle    sen  hi 


Fig,  6  >  7.— Outline*  uf  the  form  and  position  of  the  ailirneotary  canal  in  mj 
of  its  development.    At  alimentary  canal.  &c  .  in  an  »ur  we 

week* ;  C,  at  eight  week* ;  D,  at  ten  weeks  ;   /,  the  pnr 
pharynx  ;  -«,  the  stomach  ;   if,  duodenum  ;   i,  the  small  inte*' 
caecum  and  vermiform  appendage  ;    r,  the  rectum  ;   -  i  R,  the 

anus  distinct  from  *i.  the  *inus  uro-genitali* ;  v,  the  yolk-fjar  ;  vi,  the  vitellcnintevtinal 
duct ;  v.  the  urinary  bladder  ami  uruehu*  leading  to  the  aUantoia ;  g>  genital  ducta 
(Allen  Thomson.  J 

communicates  freely  on  its  ventral  surface  with  the  cavity  of  the 
yolk-sac  through  the  vitelline  or  omphalo  mesent eric  duct. 

From  the  fore -gut  are  formed   the  pharynx,  amopbagua,  and 
stomach  ;   from    the  hind-gutt  the  lower  end  of  tin  nd  tin* 

rectum.    The  mouth  is  developed  by  an  in  vol  ut  ion  of  the  epiblast 
between  the  maxillary  and  mandibular  processes,  which   be 
deeper  and  deeycr  till  it  reaches  the  blind  end  of  the  fore-gut,  and 
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at  length  communicates  freely  with  the  pharynx  by  the  absorption 
of  the  partition  between  the  two. 

At  tile  other  end  of  the  alimentary  canal  the  anua  ia  Formed 
in  a  precisely  similar  way  by  an  involution  from  tin  free  surface, 
whiob  At  length  opens  into  the  bind-gut.  When  tin  dep 
from  the  free  surface  does  rn »t  reach  tin  intestine,  the  condition 
known  as  imperforate  arms  results,  A  similar  condition  may  exist 
at  the  other  end  of  the  alimentary  canal  from  the  failure  of  the 
involution  which   forms  the  month,  to  meet  (he  fore-gut.     The 


FSy.  65  B.— Lobules  of  the  parotid,  with  tho  salivary  duct*,  in  the  embryo  of  the  nheep, 
at  a  wtnewkat  advanced  stage. 

le  portion  of  the  digestive  canal  becomes  more  an- 1  more 
I  In,  till  its  originally  wide  communication  with  the  yolk  sue 

beoomea  narrowed  down  to  a  small  duet  (vitelline).     This  duet 

usually  completely  disappears  in  the  adult,  hut  occasionally  the 
proximal  portion  remains  as  a  diverticulum  from  the  intestine. 
Sometimes  a  fibrous  cord  attaching  some  part  of  the  intestine  to 
the  umbilicus,  remains  to  represent  the  vitelline  duct.  Such  a 
cord  has  been  known  to  cause  in  after  life,  strangulation  of  the 
bowel  and  death. 

The  alimentary  canal  lies  in  the  form  of  a  straight  tube  close 
beneath  the  vertebral  column,  but  it  gradually  beoomea  divided 
into  its  special  parts,  stomach,  small  intestine,  and  large  intestine 
{tig.  657),  and  at  the  same  time  comes  to  be  suspended   In  the 
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abdominal  cavity  by  means  of  a  lengthening  mesentery  formed 
from  the  splanchnopleur  which  attaches  it  to  the  vertebral 
oolumn.     The  stomach  original]?  Ii  we  direction  as  the 

of  the  canal    iti     nil.  itremity  being  superior,  its  pylorus 
inferior.     The  changes  of  position  which  the  alimentary 

may    be    readily    gathered    from    the    accompanying 
Bgnu  57), 

Pancreas  and  Salivary  Glands. — The  principal  glands  in  con- 
Mi  with  the  intestinal  oanal  arc  the  Bali  vary  glands,  pan 
and  the  liver.     In  mammalia,  each  salivary  gland  tirst  appears  a» 


Fig.  6so.—  Diagram  of  part  of  digestive  tract  >>[  u  ohkft     it)i  &§f),    The  \>Uc1l  lint 

rOMSKte   livpr'blaM,    r  <  ".ictilum  with 

expanded  end  fonQing  prima  i  !,f>]iHti<'  diverticula, 

with  tiirir  f<  munition*  united  hy  solid  rowi  of  h  -livr-rticuluin  of  the 

pun  n MM  with  the  vesicular  diverticula  cumin  £  fix)  in  it,     \G>>' 


a    simple   canal    with    hud  like    process*  1,    lying    in    a    mass    of 
mesoblast,  and  communicating  with  the  cavity  of   the 
As  the  development  of  the  gland  advances,  the  canal  becomes 
more  and  more  ramified  (tig.  658).     The  pancreas  is  develop 

exactly   in    the  same   wuv,    but    its    eel]  icrivcd    from   ihv 

hypoblast  lining  the  intestine,  while  those  of  the  salivary  glands 
are  formed  from  the  Bflihlast  lining  the  month.  In  both  cases 
the  blood- vessels  and  connective  tissues  are  formed  from  the 
mesoblast  into  which  the  glandular  structure  gw 

The  Liver. — The  liver  is  developed  by  the  protrusion  of  a 
part  of  the  walls  of  the  fore-gut,  in  the  form  of  two  conical  hollow 
branches  (figs.  659,  660).  The  inner  portion  of  the  ours  eonslsti 
of  a  number  of  solid  cylindrical  masses  <*f  cells,  derived  from 
the  hypoblast,  Which  become  gradually  hollowed  by  the  forma' 
1    the  hepatic  duel*,  and  among  which   bloodvessels  are   rap 
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developed,       The   secreting   cells  of   the  organ   and    the  lining 

epithelium  of  the  duets  are  derived   from  the  hypoblast,  the  con- 

ue  and  veaaeli  from  the  meeoblast     The  gall-bladder 

velitjied  as  a  divei  tietilum  from  the  hepatic  duct. 

The  vpUen  ami  Ijfmphetf&c  gtoqdi  are  developed  From  the  nieso- 

blast  :  the  thyroid  originates  also  from  the  hypoblast;  it  grows  as 

diverticula  hum  the  (toe-gut,  opposite  the  second  ami  also  opposite 

the  fburtb  visceral  arches.     The  hypoblasts  cells  form  the  lining 

epithelium  of  the  vesicles  ;  the  stroma  of   the  gland  is  formed   by 

the  surrounding  me&oblaet     The  t/it/mus  is  formed  in  a  similar 


Fig.  660.—  Rudiments  of  the  timer  on  the  interim?  of  a  chid  at  the  Hf  th  fLiy  of  incubation. 
t,  heart ;  1,  intottine;  J,  diverticulum  uf  the  intestine  in  which  the  liver  (4)  i*  deve- 
loped ;  5,  part  of  the  mucous  Infer 'of  the  germinal  membrane.      M 

ppoedte  the  third  and  fourth  visceral  arches.  These  hypo- 
blastic  cells  form  the  nests  called  the  corpuscles  of  Hassall ;  the 
lymphoid  tissue  by  which  they  are  invaded  and  ultimately  sur- 
rounded is  niesoblastic. 


Development  of  the  Respiratory  Apparatus. 

The  Xmngs,  at  their  first  development,  appear  as  small  tuber* 
cles  or  diverticula  from  the  ventral  surface  of  the  oesophagus 
(fig*,  659,  661). 

The  two  diverticula  at  fir«t  open  directly  into  the  oesophagus, 
but  ai  they  grow,  a  separate  tube  (the  future  trachea)  is  formed 
at  their  point  of  fusion,  opening  into  the  oesophagus  on  its  anterior 
surface.  These  primary  diverticula  of  the  hypoblast  of  the  ali- 
mentaiy  canal  send  on"  secondary  branches  into  the  surrounding 
mo  sob  last,  and  these  again  give  oil  tertiary  branches,  forming  the 
air-cells.  Thus  we  have  the  lungs  formed  :  the  epithelium  lining 
the  air  cells,  bronchi,  and  trachea  is  derived  from  the  hypoblast, 
and    all    the    rest    of    the   lung-tissue,    nerves,    lymphatics,    and 
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blood  -vessels,    CArtil&gillOUS     rings,    and    muscular    fibres    of    tlw 
1  >roi i el i i  from  tlie  mesobls&t 

The  diaphragm  h  \  eloped  as  a  partition 


fig.  &  i  ill':  roment  of  V 

chick  uu  thr  fourth  day  ot  incubation,  with  the  rudiment*  of  Um*  trochee 

of  the  left  ride,  vfov  ed  laterally  ;    r,  the*  inferior  wall  of  (In 

portion  of  the  wine  tub*  ;    j,  the  rudimentary  lung  .    i.  tin  ,  i«  the  win*- 

object  *eeu  from  below,  so  that  both  lungw  an 

IratOf]  "ivt-  hryo  of  &  heme:    i,  the 

trachea ;  4,  the  luuga,  viewed  f  mm  the  upj  er  wde.     (After  Ti"  I 


dividing  the  origins]   pleuroperitooeal  cavhv  into 
abdominal  serous  ea  vitas. 


I  1 1 »  M 


Development  of  the  Genito-urinary  Apparatus. 

In    t lie   early   Btlgti  of    the   development    of    the    or  r 
Ofg&BSj  the  0QO81  striking   thing   seen  is  their   resemblance  to  the 


Fig.  t6/.— Iiiuprum  of  ti 

Um,  A  H.  the  primitive  «egmeofrJ  tube  ld  tumverw 

iide  a  In  1  uled  ;    it  ht-tv  form*  j. 

pleuro-peritoneal  cavity,  and    the   section    1-   rrpn 
trumpet-shaped  opening  of  the  tnl*  into  thai 


11  to  tin 


segmental  organs,  or  oephridia  of  worms.     The  subject  Wlfl  first 
worked  out  by  Balfour  in  the  elasmobrancli  fishca  ;   w\  h on- 

fore  first  describe  what  be  found  here,  and  then  pass  on  to  f 
occurs  in  mammals. 
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In  the  preceding diagram  (fig.  663)  ire  turn  reelection 

through  tl  .::u  which  the  Btructores  represented  will  bo 

familiar  from  our  previous  studies.  Al-nit  the  fifth  segment  a 
thickening  in  the  u&eeoblasl  occurs,  which  grows  backwards  as  a 
solid  column  of  cells,  this  becomes  hollow, 
m  seen  in  trunsver^  BeotlOD  at  A'  ;  later 
"ii  the  hollow  extendi  at  One  part  into  the 
pleuro-peritoneal  cavity  by  s  trumpet-shaped 
opening,  and  tht>  is  seen  out  through  at  a" 

This  duet  may  be  termed  the  orcAtnqsAroj, 

Tin-  prominence  created  by  this  duct  grows 

the    pleuro  peritonea]   eavity ;    and    0 

immbcr   of    convoluted    tubes,    "he    til 

:  ill.  Open  into  the  duct,  which  soon 
splits  into  1  . .0  longitudinally  ;  one  division, 
tin.'  pronephros  or  MiiUeriam  duct  (fig.  663,  M), 
hay    (lit'    orig  Bntllg     into     the     I 

the  other  convoluted   tubes  open 
into  the  other  division  of   the  tube  ;   they 
become  united  together  by  ooonecth 
and  form  s  solid  organ  called  the  Wolffian 
fodjjp,  The  duel  ifl  called  the 

or  Wolffian  duet  (fig.  663,.  \V), 
The  two  duets  open   into   the  thaw   which 
ives  the  hinder  opening  0!  the  sli- 

mciitary  canal. 

The  tubules  of  the  Wolffian  body  bcrume 
more  convoluted   and   form  the  tubules  of 
the   head  kidney  ;    somt    ol    their    original 
openings  into  the  peritoneal  cavity  can  be  traced,  however,  even 
in  the  adult 

From  the  lower  end  of  the  Wolffian  duct  a  protrusion  or  growth 
takes  place,  and  this  also  becomes  hollow,  and  a  number  of 
iital  tubes  develop  and  form  with  it  an  organ  similar  to 
the  WoHIien  body;  this  is  called  the  I  ntftowtpArot,  and  it  forms 
the  hind  kidney,  which  represents  the  true  kidney  of  the  higher 
vertebrates  ;  the  nwtanephric  efae&  becomes  the  ureter.  It  is 
represented  at  K.  in  fig.  664, 

In  the  female   the   Mulleriau  ducts   become    the   oviducts,  and, 

where  they   p. in,  the  uterus.     In  the  nude  they  disappear,     The 

head    or    Wolffian    kidney,    and    the    bind    Or   true    kidney    both 
ite   renal    functions    in    both    sexes  ;    but   in   the   male,   the 
Wolffian  tubules  apply  themselves  to  the  testis  and  constitute  its 
efferent  duets;  the  main  Wolffian  duct  becomes  the  va 


M  W. 


Biff,      66  k  —    f 'ingrain 

iug         the 

■pbttteg      of      tn<* 

■  I  tntphrot      Into 

Mailman    (M) 

Wolffian  (W)  1 


Fig.  604.— Diagram  showing  the  relati 
mule  (the  rt^t-hand  flgi 


the  left-hand  i  .1  of  the 

^Tire^  )  reproductive  onpuwtoihffgtwrtu]  plan  t  lie  middle  figure) 
of  theae  organ*  in  £hV  bebrata  (including  n  ■  ><-tinn; 

B  K  urinary  bladder  ;    I  -  t/*,  areth)  "id  srhtnd,  ovary,  ur 

tntu;     IV.  Woltttan  body ;     H '  d.  Wolffian  duct ;    .V.  Mullerian  di» 
gland  ;  C  p,  Cow  per' *  gland  ;  C  *p,  corpu*  tpougioMuu  ;  C  ef  eorpu*  C*  t\ 

I*  tke/tmah.—  F,  vagina ;  U  t,  uterus ;   /"  p,  Fallopian  tube ;  G  r,  tlaertner's  di: 

parovarium  ;  A,  anua;  fc,  t.  */»,  atn 
In  the  maU. — C  *  j»,  C  r,  muifl  ;   r  r ,  uterus  masculinift ;  1"  tt  vesicula  Kruinalie  ;  ' 

deferent.    (Huxley.) 

than   one  to  each  BGgmeat,   get  bound  into   the  Wolffian   body. 
The  Mullenan   duet   is  not    split   off  from   this,   but   is   formed 
separately   by  ■  longitudinal  folding   in  of  the  pleitro 
cavity  ;   the  hind  OX  true  kidney  is  formed  in  both  sexes  as  before 
by  a  growth  backwards  ham  the  Wolffian  duct.    The  tubal 
at  first  solid  columns  of  cells  which  are  subsequently  boll 

The  Wolffian  bodies,   or   temporary  kidneys,  as  they   ma 
termed,  give  place  at  an  early  period  in  the  human  feet  us  to  thetl 
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Fig,  665.— Transverse  m                    ftmflhktk    thirl  -In  mr,  rudimentary  spinal  cord; 

the  primitive  central  canal  Ini*  Wiun     nomtrii.'ted  in  the  middle;    rh,  notochord ; 

«  10  At  primordial  revttfml  lOMi  ;    m,  nnmikl  fAuM ;  dfj  4/t  hypoblast  and  visceral 

layer  of  mesuhiaat  lining  §ra  Lotcd  in  t«»  form  Che  Into 

a  <>,  one  of  the  pnmitiv.    toi  1               VI  1   '  (VotfLklt  dad  .    ■  - ,  vonn 

cardinal!*;  A,  epibburt  :  Hon  to  form  a  j\  amniotic  fold ; 

p,  pletiro  peri  toneal  cm  vity  K  A  I  - 


.—Section  of  tafennedtfttc  ccll-mu^  ■  n  lln   1  ■nrili  ilay.     m,  BMtn|tt]P  ;  L,  votnato* 
pleur;   ot  germinal  tpftbtiiam,  front  irbich  . ,  tin  .In.  t  .1  Millar,  U...M....  imMluted; 
%  thickened  part  of  prenointil  epithelium  in   which  the  primitive  ova  "dn>i 
lying  ,  /•'.  f  blast,  which  u  ill  form  the  stroma  of  the  ovary;  lt'A\  Wollfiwi 

body;  v.  Wolffian  duct,     x  160,     (Wlldej 
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jhj.inriit  kidneys,  which  are  developed  behind 
thrin.       Each    diminishes    rapidly   in  I    loses   all    renal 

functions.      In  the  male  ll  loped  into  the  ikmb)  efferen 

\  and  ghilnu  f  the  epididymis  5  and  thus  a 

direct   connection  between  the  icle  and 

brought  about.  The  Wolffian  ducU  persist  in  the 
male,  and  aw  <\*\<  loped  to  form  the  body  and  globus  minor  of  the 
epididymis,  the  vi  tma,  and  ojaculator  tide; 

the  vesicuuB  seminales  form  diverticula  from  their  lower  part 
In  the  female  a  small  relic  of  tlie  Wolffian  body  persists  as  the 


Fig.  667,     l»iNKram<if  twa~ban»d  uterus.    The  body  of  the  u t? ri«  fUl  i*  formed  b?  the 

i  which  form  the  ovidttrtft, 
BWIoptao  fcttba  *-v  hang  of  the  utsi 

m,a  Functionlese  collection  of  tubules  lined  with  ciliated 
epithelium  near  the  ovary  (see  p.  782,  fig,  596,  pa)  ;  in  the 
a  similar  relic  is  termed  the  otyan  of  Tin-  tower  end 

of   the    Wolffian    duct   remains  in    the  femal 
QafrtfotTi  which  descends  towards,  and  i«   losl    upon,  tl 
wall  of  the  vaccina. 

The  Fallopian  tubes,  the  uterus,  and  th  are  developed 

from   the   Multerian  ducts.     The  two  Miiilerian  ducts  are  united 
beloi   into  a  single  cord,  called  the  genital  *•<>,<!,  and  frotn   this 
are  developed  the  vagina,  n«  well  as  the  cervix  and 
portion  ol  the  body  of  1 1 ■  ■  -  uterus;  while  the  ununited  portion  of 
10I  on  each  side  forma  the  uppei  the  uterus,  and  the 

Fallopian    tube.       In    certaii  eeted    or    abnormal 

development,   these    portions   nf    the   Mitflerisn   ducts    may    not 
become  fused  together  at  their  Lower  extremities,  and  there  ii 
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a  cleft  or  horned  condition  of  the  upper  part  of  the  uterus  re- 
sembling a  condition  which  is  permanent  in  certain  of  the  lower 
animals  (see  fig.  667). 

In  the  male,  the  Mullerian  ducts  have  no  special  function,  and 
are  but  slightly  developed.  The  hydatid  of  Morgagni  is  the 
remnaut  of  the  upper  part  of  the  Mullerian  duct.  The  small 
prostatic  pouch,  uterus  majculinus,  or  sinus  pocularis,  forms  the 
atrophied  remnant  of  the  distal  end  of  the  genital  cord,  and  is, 
therefore,  the  homologue,  in  the  male,  of  the  vagina  and  uterus 
in  the  female. 

We  must  now  pass  to  the  development  of  the  ovary  and  testis. 

Between  the  Wolffian  body  and  the  mesentery,  the  mesoblast 
covering  the  ridge  produced  by  the  projecting  Wolffian  body,  is 
converted  into  a  thick  epithelium  called  the  t/erm  epithelium*  (see 
fig.  666).  From  this  the  reproductive  gland  (ovary  or  testis  as 
the  case  may  be)  is  developed. 

The  manner  in  which  the  ovary  is  formed  is  described  in  out- 
line in  Chapter  LVI1.  (p.  786) ;  the  testis  is  formed  in  a  similar 
way,  only  the  downgrowths  of  cells  which  become  nests  of  cells  to 
form  ova  and  germinal  epithelium  in  the  female,  become  hollowed 
out  as  seminiferous  tubules  in  the  male. 

For  some  time  it  is  impossible  to  determine  whether  an 
ovary  or  testis  will  be  developed ;  gradually  however  the  special 
characters  belonging  to  one  of  them  appear,  and  in  either  case 
the  organ  soon  begins  to  assume  a  relatively  lower  position  in 
the  body ;  the  ovaries  are  thus  ultimately  placed  in  the  pelvis ; 
while  towards  the  end  of  foetal  existence  the  testicles  descend 
into  the  scrotum,  the  testicle  entering  the  internal  inguinal  ring 
in  the  seventh  month  of  foetal  life,  and  completing  its  descent 
through  the  inguinal  canal  and  external  ring  into  the  scrotum  by 
the  end  of  the  eighth  month.  A  pouch  of  peritoneum,  the 
processus  vaginalis,  precedes  it  in  its  descent,  and  ultimately  forms 
the  tunica  vaginalis  or  serous  covering  of  the  organ  ;  the  com- 
munication between  the  tunica  vaginalis  and  the  cavity  of  the 
peritoneum  is  closed  only  a  short  time  before  birth.  In  its 
descent,  the  testicle  or  ovary  of  course  retains  the  blood-vessels, 
nerves,  and  lymphatics,  which  were  supplied  to  it  while  in  the 
lumbar  region,  and  which  accompany  it  as  it  assumes  a  lower 
position  in  the  body.  Hence  the  explanation  of  the  otherwise 
strange  fact  of  the  origin  of  these  parts  at  so  considerable  a 
distance  from  the  organ  to  which  they  are  distributed. 

Descent  of  the  Testicles  into  the  Scrotum. — The  means  by  which 
the  descent  of  the  testicles  into  the  scrotum  is  effected  are  not 
fully  and  exactly  known.      It  was  formerly  believed  that  a  mem- 
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1  ni  partly  muscular  cord,  called  the  gub«mnculum 
which  extettdfl  while  the  testicle  is  yet  high  in  the  n,  from 

its  tower  part,  through  the  abdominal  wall  (in  th 

tguirui]  Banal)  to  1  fie  footii  of  the  pi  I  lower  p 

the    scrotum,  CtlOtl    of   which   the 

descent  w;i>  effected.     It  ia  non  generally  thought,  ho* 
such  in  not  the  case,  and  rhnt  the  deacon!  of  the  testid 


<:    E 


Fig.  66s  -Diairmni  „f  the  Wolffian  bodies,  JtfOUerka  docta  and  sdjaeecit  pdti 
sex luil  distinction,  aa  teen  from  before.     *rf  the  aupn^rensl  lilies;    r. 

em*  of  ovaries  or  testicles;   W 
mm,  Mill Icrian  duets  ;  g  r,  genital  oortt ; 
(Allen  Thomson.) 

ovary  is  rather  the  result  of  >  general  procee*  of  development  in 
these  and  neighbouring  parta,  the  tendency  of  which  is  to  pro- 
duce this  change  in  the  relative  position  ma.  lu 
other  words,  the  descent  is  not  the  result  of  a  mere  medial  1 
action,  by  which  the  organ  is  dragged  down  bo  s  lower  posit 
but  rather  one  ahange  out  of  many  which  attend  the  gradual 
development  and  rearrangement  of  these  organa 

The  hotnologue,  in  the  female,  of  the  gubernaotiluno  testis  is  a 
structure  called  the  round  ligament  of  th*  utetm,  which   extol 
through  the  inguinal  canal,   from  the  outer  and  upper  part  of 
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the  uterus  to  the  subcutaneous  tissue  iu  front  of  the  symphysis 
pubis. 

At  a  very  early  stage  of  foetal  life,  the  Wolffian  duets,  ureters, 
and  Mullenan  ducts,  open  into  a  receptacle  formed  by  the  towel 
end  of  the  allantois,  or  rudimentary  Madder  j  and  as  thil  cOfD? 
niunieates  with  the  lower  extremity  of  the  intestine,  there  ll  he 
the  time  a  common  receptacle  or  cloaca  far  all  these  parts,  which 
opens  to  the  exterior  of  the  body  through  a  part  oorrespoi] 
with  the  future  anus,  an  arrangement  which  is  permanent  in 
reptiles,  birds,  and  some  of  the  lower  mammalia,      In  the  human 

I  foetus,  however,  the  intestinal  portion  of  the  JnucM  is  mi  oil 
from  that  which  belongs  to  the  urinary  and  generative  organs  ;  a 
separate  passage  or  canal  to  the  exterior  of  the  body,  belonging 
to  these  parts,  is  called  the  «inus  uro-penitaiit.  Subsequently, 
this  canal  is  divided,  by  a  process  of  division  extending  from 
before  back  wants  or  from  above  downwards,  into  a  'pars  urin^ 
and  a  *  pars  genitalis.'  The  former,  continuous  with  the  NfTC&flfi, 
is  converted  into  the  urinary  bladder. 

The  external  parte  of  generation  are  at  first  the  same  in  both 
sexes. 

The  opening  of  the  gen i to-urinary  apparatus  is,  in  both  B 
bounded  by  two  folds  of  skin,  whilst  iu  front  of  it  then  iv 
formed  a  penis  like  body  surmounted  by  the  glans,  with  a  cleft  or 
furrow  along  its  under  surface.  The  borders  of  the  furrows 
diverge  posteriorly,  running  at  the  sides  of  the  genito-urinary 
orifice  internally  to  the  cutaneous  folds  just  mentioned.  In  t lie 
female,  this  body  becoming  retracted,  forma  the  clitoris,  and 
the  margins  ■  *f  the  furrow  on  its  under  surface  are  converted 
into  the  nymphflB,  or  labile  minora,  the  labia  majora  pudenda1 
being  const ituted  by  the  great  cutaneous  Folds.  Tn  the  male 
foetus,  the  margins  of  the  furrow  at  the  under  surface  of  the 
penis  unite  at  about  the  fourteenth  week,  and  form  that  part  of 
the  urethra  which  is  included  iu  the  penis.  The  large  cutaneous 
folds  form  the  scrotum,  and  later  (in  the  eighth  month  of  develop- 
ment), receive  the  testicles,  which  descend  into  them  from  the 
abdominal  cavity.  Sometimes  the  urethra  is  not  closed,  and  the 
deformity  called  hypospadias  then  results.  The  appearance  of 
hermaphroditism  may,  in  these  cases,  lie  increased  bj  Am  reten- 
tion of  the  testes  within  the  abdomen. 

The  supra-renal  capsules  originate  iu  a  mass  of  mesoblast  just 
above  the  kidneys  ;  soon  after  their  first  appearance  they  are  very 
much  larger  than  the  kidneys  (see  fig.  66S),  but  by  the  more 
rapid  growth  of  the  latter  this  relation  is  soon  reversed. 
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Abdominal  muscles,  action  in  respira- 
tion, 341 
Abducens  nerve,  610 

centre,  61 1 
Abductors,  713 
Aberration, 

chromatic,  -49 

spherical,  w. 
Absorption 

of  carbohydrates,  499 
fats,  500 
food.  498 
proteids,  499 

by  the  skin,  560 
Accelerator  nerves,  160 

urinic,  $30 
Accommodation  of  eye,  743 

defects  of,  747 

mechanism  of,  745 
Beer's  experiments,  747 
Acetonemia,  497 
Acetyl,  380 

Achroo- dextrin,  378,  465 
Acids  in  gastric  iu  ice,  469 
Acid-albumin,  386,  471 

properties  of,  471 
Acini  of  secreting  glands,  456,  458 
Acrylic  series,  380 
Adamantoblasts,  80 
Adductors  and  sphincters,  713 
Adenine,  542 
Adenoid  or  lymphoid  tissue,  51 

in  intestines,  441 
Adenyl,  5^2 
Adipose  tissue,  47.     See  Fat. 

development,  49 

situations  of,  47 

structure,  ib. 

uses,  49 

vessels  and  nerves,  ib. 
Afferent  nerves,  161 
After-birth,  808 

Age,  influence  on  capacity  of  respira- 
tion, 346 
Air, 

atmospheric,  composition  of,  363 

breathing,  345 

K.P. 


Amnion. 

Air — continued. 

changes  by  breathing,  364 

com  piemen  taU  345 

quantity  breathed,  ib. 

reserve,  ib. 

residual,  ib. 

tidal,  ib. 

transmission  of  sonorous   vibrations 
through,  706 

undulations  of,  conducted  by  external 
ear,  ib. 
Air-pumps,  370 
Air-sacs,  335 
Air-tubes.     See  Bronchi. 
Alanine,  470 
Albumin,  382,  385 

acid,  38b 

alkali,  ib. 

chemical  composition,  382 

egg,  385 
cr)  stalhsable,  383 

lact-,385 

serum,  ib. 
crystallisable,  383 
of  blood,  400 
Albuminates,  386 
Albuminoids,  388 
Albuminometer,  Esbach's,  551 
Albuminous  substances,  381 

action  of  gastric  fluid  on,  472 
Albumose*,  382 

Alcohol  as  an  accessory  to  food,  453 
Alimentary  canal,  425  ft  *eq. 

development  of,  036 
Alkali- albumin,  ;86 

properties  of,  ib. 
Allantoin,  $41 

Allantoic,  development  of,  801,  806 
Alloxan,  541 
Alloxuric  bases,  542 
Amido-acetic  acid,  479 
Ammonia, 

cyanate  of,  isomeric  with  urea,  533 

urate  of,  54 1 
Amnesia,  723 
Amnion,  development  of,  805 

fluid  of,  802,  605 
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Id  movement*,  [j,  405 
cells.. 6 
colourless  corpuscle*, 

u-cells,  726 

I'litvin,  12,  io6 
TffWiWKWTlHli  14 

Am  phi  ox  us,  circulatory  ay  a  tern  of,  222 
Amy  I  "id  a  •>  $78 

a c tii m     of    pnnereaa    and    intestinal 
gland 
of  ailivn  on,  465 
AmrlofMta,  :t. h  -nof,  470 
Amyloiet,  ^74 

Vri,il"«lia  pbenomeoA,  ^>5„  774 
Anacrotic  pulse, 
A  Ti-1. .  trotoniif,  177 
Lngio-owrostt,  305 
Angvlua  opti  74* 

Anirrutt  cell,  -ti  ik'ture  of,  8  ft  *eq. 

Atii'iuil  heat,     fin   II    ii  fjtd  Tempera- 
ture. 

Ankle- 

Aiio-Bpiii-iI  centre,  513 
■  aiistic  mm 
reciprocal  action  dl  648 

Antor.«-luTi  i;il  ascending  tra.  | 

Anterolateral  descending  ti 

AiKihcliv,  to 

A  uti  tragus,  to. 

Aphasia,  662,  723 

AjnVmia.  723 

Apnoca.  351 

Appendices  epiploi  1 ,  43^ 

Appendix  vermiform  i~. 

Aquieductus  coehk*w\  702 

Aqueduct  of  Sylvius  603,  608 

A  1 )  qm  11  s  h  u  mo "ur,  7  $ 

Arachnoid  membrane,  587 

Arches,  viae  mil,  ^  r  ^ 

Arehtnephr" 

Area  gerniin 

nellmiua,  792 

vasculosa,  804,  815 
Areolar  tissue,  38 

development  of,  43 
Argininr,  390,  47 
Arte.rU  centralis  retin  ,  833, 

835.  , 
Arterial  tension  in  asphyxia,  3^1 
Arteries,  205 

bronrhial. 

circulation  in,  258 
velocity  of,  1*. 

coronary,  230 

distribution 

elasticity,  260 

muw uhtrity.   ti. 

nerves  of,  208 

IIMV.H14  system,  influence  of,  JOG 

pIMiurc  nt  UihmI  in  mtAh  \v\a  y^i 


ted, 
pulse,  2<>l  f/  x^/, 
renal,  :,m 

li-:d. 

rbvl  rf  say, 

structure,  2tYi  #4 

umbilif  uK  808,  820 

reli  1 
AriirnliitV  sounds,  el  iasil 

vowels  ami  •  -,  122 

Arytenoi 

effect  of  a] rp  ,  '  (4 

movements  of,  ih. 
\ryhiioid  muscle, 

Am  ending  lubulc  w  Benin,  ;  tti 
- 
causes  of  death  in 
conditions  of  the 

A*simu  1 

Association  fibres, 
Aatigmatidni,  74*1 
Umoapberic  air,  jfe.     <S«rAu\ 

n  nil  posit  ion  at*  #*$ 
orcaMira  in   relation   to   rotptnCion, 
362 

on  heart,  246 
on  uuivu  4'»2 

Attraction  sphere,  12,  ~vrt  786,788, 
700 

Auditory  canal,  706  ft  *eq. 

function,  II. 
Auditory  1W  I 
Auditory  nerve,  off,  703 

distribution,  703 

origin,  611 
Approach's  plexus,  4  J  j 
AurHeaof  nenrt     Srg  Heart, 
Auricular  diastole,  224 

ay  stole,  225 

1  i  1  o-  v  c  n  tr  i  c  ulur  v  n  1  v*  a,     5**  Heart 

rib 

Axis-  vlimler  of  nerve-fibn  ,  <» 


Burl*  1 

Mm  tenum  lac  f  is,  377 
Barnard's  eardiomcter,  241 
!Wt  iiieTiUuierobranea,  51,  438 
Boaopbi 
Battel  1 

Daniel!  cell,  &. 
Becr,i  timodi 

Iff 

We/ old  k  g-anglion,  347 
Bicuspid  valve,  201 

era  ganglion,  247 
BicdcrmiinnV  11m. 
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i  bj  lymph,  493 

atiah *r*  u|  htllil.lK    | 

ripiUirini 

doubtful  aotiseplic  power,  4112 
in  flu  Lin  1  il   tbi  irpt  on 

(Matin  I  ion,  572 

mixture  sv  iiu  ohj  in*-,  492 
in,  |8q 

pigm 

pc  488 

qumntitj  scant* 

salts,  490 

secretion  an  il  Bow 

specific  irrarity. 

uses,  402 
BUe-expelllng  mechanism,  yt] 
Bilirubin,  4 1 7,  488,  490 
Btliverdin. 
Binocular  visum.  7U. 

-,  tSfi 
Birth,  <  luii-i-  alter,  H26 
Biuret 

Bladder,  uriuai -y.    See  Urinary  Bladder 
Blastema.     <SSm  Protoplasm. 
Ulastodmn,  trilaminar,  7<|2 

ri  1 1  umriur,  if*, 

uiiilauiitnir,  7<)| 
■  '■  |Min\  *h, 
Hlaat"-  ■ 

Blocking,  24*1 
BWd.  82.  39j 
arterial    and     venous,    diftVrrni-^    U'- 

buffy  oomt,  JOJ 
carb<  ,  167 

alatioii  af,  2t8  #1  1*9 

in  the  ftatiu 

local  peculiaritu- 

schema  of. 
coagulation,  82,  395  e$  9$q. 
colour,  82. 
colon  rin i;  matter,  411 

relation  to  thut  of  btile,  \\~ 
corpuscles  or  cells  o^  #2,  401.    Set 
Blood-oorpuaolee. 

redt  4 >:>i 

white,  4<j| 

\i4tt  §eqt 
astro 

ra,  |'e. 
tibrin,  395 

separation  of, 
gases  of, 
nm slobin  ^or,  413  ttt  tea, 

photoi;i-'L|ilii<  -|»-  tnitn  *»rT  421 
odour  or  halitua  of,  $94 


io  1  P< 


Blood    sssjflH—sT. 
oxyhemoglobin,  ,  1 

photographic  ipectrutu  of,  421 

proteid«  of 
quantity, 
reaction,  tb. 

41M 
serum  "f,  39c,  J9§ 

splenic,  «7 

stmctunu  oomposltion,  j"i 

tests  for, 

-  "♦ 
Blood^awposnlw,  red,  82,  401 
actio] 
1  ompoaitlott  of,  413 

dt'V.'InJiJ, 

intracellular,  411 
disintegration  and  removal,  317 
on  1  hod*  of  counting,  407 

J,  410 
rouji 

specific  gravity,  402 
Stroma,  401 

tendency  to  adhere,  402 
varieties,  1  1 

vertebrate,  various,  403 
Blood-'.  1,  ii-   b  l|  white,  404 
a*  tion  of  rengenl 
iinorboid  movements  of,  405 
composition  of,  4  t  j 
emigration  of, 
formation  in  spleen,  317,  41 1 

]<m  orri'ittMiu  fOj 

11    ■!,  412 
varieties,  40^ 
Blood-crystals,  414  f?  .v.-y. 

Blood-plateleti,  407 

Blood  -pressure,  274  ri  teq. 
ill  capillaries,  283 

fan  vein*,  io, 

I  of  respiratory  movements  on, 
270 
measurement  m  nmn,  288//  w$* 
^•■lir-nia  tn  ill  nitrate,  275, 177 
Blood*  vessels, 

cirr  ulatioti  in,  254 

cita  '  -  287 

elasticity  oJ 
of  eyeball,  738 
in  intestines,  437 
of  kidney,  5211 
if  rauecut.  93 


of  titolli 

ex 

2QO 


influence    uf   uervous   system    on, 


Body-cavity,  796 

Bone,  jS 
i.iuaVn  uli,  60 
cancellous,  58 
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Bos*. 


Bone  -cimttuutJ. 

i.  58 

■ IptftCt,  tft. 

liirii*  Hi  of,  hs 
defdjMimwit,  G3  <•/  #*y, 
erne  tl 
Hi  v  1 

main  1  w,  |g 

med  il,  58 

mk-rosmpic  h|.i m  tore,  60 

B(  ition  in  oortilage,  64 

peristeum  and  nutrient  blood- \'- 

Buwman'a  c 

Brain,     5m    Bulb,   Cerebellum,   Cere- 
brum, Pona,  1 t.-. 
inillanesof,  270 
child's,  637 

circulation  of  blood  in, 
i  fflTOintUHie,  | 

development,  829 

extirpation  of,  iniWUnOMW, 
in  ftetua,  I 

or,  186 

luJKl'h     - 

membrane*  of,  587 
1111  inker 'a,  658 
motor  inn,  659 
nranjrV,  638 
quantity  ..1  blood  in.  j;i 

sensor  i  -  in  <  it  ur  IIM,  D 
sensory  areMs.  ( •'  3 
vertebrate  (action),  605 
tiotrielaa,  603 
white  matter,  i8'» 

BrUlH-l.  J;i  I    1  Left*,  8lJ 

Bread  aft  food,  451 
Breathing,     set  Respiration, 
Broca'a  convolution,  1*2,  723 
Bronchi,  arrangement  and  structure  of, 

Bronchial  arte r left  ami 
Brownhm  movement.  106 
Hnuh,  membrane  of,  729 
BrunnerV  g hinds.  1 p 
Bufly  coat,  formal  in  of    \  ,- 
Bulb,  pona  and  ruid- brain,  000 

anterior  aspect,  10. 

internal  structure,  615  tt  *eq. 

posterior  aspect,  608 
Bulbus  arteriosus,  817 

Bureii'i  axpcrinMiti  on  eoloui  i 
Mi 

Burdach's  column^  5113,  ^A  f*>8i  'i'1 
Buni*m-8anderBOTj  »  atetno^raph,  3  \z 
Bursa?,  synonal,  455 
Butyric  acid,  377,478 


Calorimeter 

Catyot  ^14 

Conn]  Stomaih.  I 

tinea,  «•»«■ 

external  auditor] 
function  of, 

spiral,  of  cochlea,  701 
Canal  of  Sthlemui. 

oflMit. 

of  Still  in  _ 
Canaiiruli  cm  hour,  i*u 
Con  >le,  scmicin  ular,  of  < 

development  of,  835 
Cancellous  tissue  oJ 
Cane  su^ar,  376 
Capacity  of  1 
Capillaries,  212 

Mle,  485 

uivuijii.  |  u, 

Telooitj 

dan  lopmcnt,  815 

diameter,  212 

form  ,213 

in rt ii ■ ,  1 1  j  1 1 1 ■  •  r  1 .  :>*• 

network  of,  21  j 

number,  214 

pa&sage  of  corpuselea  through  wall* 
of,  268 

pressure  in, 

realataAi  8  m  flow  of  blood  in,  206 

still  layer  in,  id. 

eke,  213 

structure  of,  2t2 
Capsule  of  Bowman,  516 

ofGlisson.  485 
Capsule*,  Mulpighiurh 

Cerbsanide,    oee  1 

Cej  In  'hydrates,  374  M  \ 

absorpt  ion  of,  499 
Carbonud -  in  urn. 
Carbonic  arid  in  aUaojpni  n 

in  blood.  367 

efleel  ot\  309 

.->■  in  Breath 

influence  of,  on  nci  v. 

in  I 

Carbonic  oxide,  poisonoui  ■< 
Carbonic  oxide  biemoglobia^ 
Cardiac  1  yde,  224 
1 
Cardiac  orii 

sphincter  of,  ftft, 

relaxation  in  vomitin:: 
Cardiac  lympathrtin,  244 

gram  from  human  hea; 
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■■tiphs,  231  rt  atff. 
.  Bam  ird\  241 
fcov' 

Cwdvo-inhibitery  centre,  $58 
Carnic  acid,  4,75 
1,328 

JO,  53 

oellular,  53 

1 1 bin  nnfoined  from,  55 

classilh  :(.tt.rii.  ; ; 

development,  56 

elastic,  53, 

fibrous,  55,  $6,     &tf  Kihro-rartiliigr, 

hyalu 

miitrr 

Otttinffttioii.  *»4 

•  twmdnura  od 
ttracturt,  53 

trinprnary,   ;.  j 

Itiorml,  >o, 

varieties.  53 

larynx.  71 1 
Milk, 
Caseiim?en,  $86,  445 
Cauda  rquinm  5K8,  828 
Oaudah Lent,  627 

Hivitv    nf  rrr-rrvt',  8l 

Cell  division,  i'< 
Cells,  5 

iTucoDoid,  6 

blood,     fiftf  Blond . 1  orpusclca 

bone,  6] 

cartilage,  53  if  Mf. 

ciliated,  30 

'  'i  39 
definition  of,  (• 

epithelium,  27.     Sr*  Epithelium, 
fission,  16 
format  ire,  793 

rati 

in  11.',  188 
BUtatofiol,  G95 
par  it  tut,  431.466 
pigment,  io6 
structure,  q  rf  «*e. 
varieties,  2 1  rt  *r£. 
vegetable,  6,  13 
distinrtinns    from   animal   cells,   6 

Cflb  of  Detten,  705 
of  PnrkinjQ.  [90^623 

Cellular  cartilage,  57.     See  Cartilage. 
Cellulose,  379 
Cement  of  teeth,  74,  7/,  8l 
Centra*,     nervous,    Arc.      Ste    Nerve- 
eentrea. 

of  ossification,  64 
Centrifugal  machine,  399 

nerve-fibree,  t6o 
Centripetal  nerve-fibres,  161 
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Contro-M 'inar  ealU,  474 

,  8,  12,  r8 
Cerebellar  ataxy,  667 
Cerebellum,  622 

effect*  ol  n  BBOfll  or  disease, 

equilibration,  IO. 

finn'ti  «m  ■  r.  66j  tf<  «#e. 

frey  matter,  190,  G05,  693 
emi-extirpafinn,  results  of. 
wit  a  sis,  668 

extirpation  of,  (-71 
sensory  impulse, 
structure,  622 
On-iiml  oortex,  631 

hislologienl  structure,  10. 
Cerebral     Hemisphrrei.      St*     Cere- 
brum. 
Cerebral  nerves,  origin  of,  fog  et  $eq. 

Kilt T  names  of  nerves, 
Cirebro-spin?il  a  sis,  185 
Cere  bro- spina  I  Aaid,  =,>--.. 
Cerebrospinal  nervous  ayatem,  185,  586 
&*  Brain,  Spinal  GoBB 

viim,  615 
convolutions  of,  63^  *t  neq, 
onm  of,  603 

ilc.treni'rnl  ion     tracts    after    injure    ol 
EtolMuUfl  Ml  1.  <_>5s 

devel  »pn 

effects  of  injury,  O55 

removal,  65?.  654 

extern  1]  OftMUle,  000, 

fanctiooi  wj  651 *'  **'/■ 

inn -ly  11  1  ions,  io, 
grey  matter,  100,  6j<5 

internal  capsule,  6&Q 

Uh*:i lis.it  inn  offunCQOfkS,  651 

motor  area",  6^5,  659 

relation  to  speech,  723 

sensory  areas,  6j6 
ex tirp.it ion,  i?>, 
Htimulation,  ft, 

structure,  625  rt  OJfi 

while  matter, 
Ceruminoua  glands  of  ear,  510 
I  Limbers  of  the  eye,  738 
I  li.-imeiiius  dronwgTaph,  257 
I  hi  mis.  il    oompositioo  of   the    human 

bod]  1  J73  J 
Chest,  ezpausion  in  inspiration,  340 
I  Ik  it-TOieo,  72'* 
Chi  yre-Stokea*  reapiration.  353 
Chloridei  in  urine,  545 
Cholajrogue^. 
ChoLalic  arid,  490 
Chnlosterin,  99,  38 1,  491 
Choletelin,  49] 
Choline,  381 
Choudrin,  55,  389 


Chorda  tvmpani,  46 1 
fects'o/  T" 
462 


effects   0/  stimulation     of    divided. 
Chorda?  tendineae,    St*  Heart. 
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Cot*nuaCLi«, 

Chorion,  Sot,  807 

Colloid*,  382 

Choroid  coat  of  eye,  725 

Colostrum,  44  ) 

blood -vessel?,  729 
development,  034 

corj>                      449 

Colour-blinduew,  762 

structure,  72 v» 

Colour  sensations,  760 

Choroidal  fissure,  833 

Burgh's  experiment*,  703 

Chromatic  aberration,  74*1 

theories  of,  761 

Chrotrcophanea,  764 

Colours,  optical  phenorocnii,  7G0  I 

Chrumoploam,  10 

Columnar  epithelium,  27 

Chyle,  217,  306,  500 
molecular  baais  of,  306 

Coram  1  tru 

Commissural  obrcs,  634 

•  ■]])  me,  488 

Complemeatal  air,  345 

Cilia,  30 

CompleTiT-ritiry  colours,  7O0 

Cifiury  epil helium,  ib. 

Con  pound  tubular  glands,  456 

function  of,  31 

-.  457 

Ciliary  motion,  %b. 

nature  of,  32 
Ciliary  musses,  730 

(uenta,  451 

Conducting  paths  in  cord,  O41 
Coni  ruculn&i,  778,  780 

action  af}  in  adaptation  to  distance*. 

744 

Con jn  _                                      and  eves, 
m.j,  666,  670 

Ciliary  processes,  720.  73n 

Cillo-spioa!  centre,  651 

Conjunctiva,  725 

Circulation  of  blood,  195,  2:8  if 

Con  ni                  oa,  37 

action  of  heart, 

claattBoatioa,  37 

in  bruin, 

1,  40 

<  npillaries,  266 

elatt  1 

M  of,  21  q  el  seq. 

fibrous,  44 

0  stnn  turta,  273 

general  strii*  lure  of,  38 

influence  of  respiration  on,  35  3 
of  trravii y,  2S7 

jctly-lik- 

retiform,  50 

liiaritiea   of,  in    different    parts, 

varietip*,  37 

270 

Contractility  of  muscle.  106 

portal,  205 

Contraction  of  pupil,  74') 

pulmonary,  204 

Con Tnlut ions,  rerebrul,  242  tt  §iq. 

renal,  205 

Cooking  v fleet  of,  452 

systemic,  204 
in  veins,  208 

Co-ordination  of  inu scular  movements, 

IJO 

velocity  of,  257 

Copper  sulphate,  or  PiotrowskF*  tost, 
Cord,  tyjaali     s>r  Spinal  Co 

Circulatory  system,  19J  et  *tq. 

Circura  vallate   pnpillie   of   tat   fePHglMj 

690 

Coriurn,  455 

Claustrura,628 

Cornea,  725 

Cleft-palate,  cause  of,  £14 

corpuscles,  728 

Clefts,  visceral.  Si  2 

nerves,  ib+ 

k -Maxwell's  experiment 

structure,  727 

Clitoris,  development  of,  847 

C jraeo-scleral  junction,  731 

;i,  ih. 

Doronary  artenea,  230 

Clonus,  128 

Corona  radiata,  629 

Clot    or    coa-gulum    of    blued.      S** 

Corpora  Arantii,  203 

Cougulut  ion . 

quidngcraina,  621 

Coagulated  proteids,  3K7 
Coagulation  of  blood,  82, 305  et  iey. 

Corpus  calb'sum,  62<i 

den  tat  urn 

conditions  affecting,  397 

of  cerebellum,  6 
of  olivary  body,  £}, 

theories  of,  ib. 

of  milk,  445 

ITighmoriunum,  777 

Cocnine,  453 

luteum,  784 

Coccygeal  gland,  328 
Cochlea  of  the  ear,  702 

of  burnun  female,  785 

of    1 1  ten  st  runt  ion    and    pregnu 

theories  in  connection  with,  709 

compared, 

Co?  Lorn*  796 

striatum,  62? 

Cohnheim,  areas  of,  87 

Corpuaolea   of    blood,    82,    401 
Blood-corpuscles. 

Cold  spots,  687 

Colkgen,  40,  58,  jSH                              \ 

C<at^u«clea,  Malpigliian,  516 
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of  Herbst. 
Corti's  rods,  ; 
©thee  of,  70) 
Coughing,  mo<  nanism  of,  352 
Cowpt-r's  *  lands,  522 
Cranial  nerves,  1B5,  609  H  My, 
Craasmncntum,  395 
CnwtUe,  537 
Creatinine,  513 
Crescents  ofQianoxzi,  460 
-.ism,  323 

-arytenoid  muscles,  713,  714 
1  cartilages,  711 
Crista  itoouetio 

1  pvramMuI  trait,  597 
of  Itarivier,  100 
Crura  cerebelli,  « 

oonMt ' 

Cruito/f^i 

pi  trot*.  7- 
Crypto  of  Lieberkuhn,  438 
CrystalUn,  73 1 
Crystalline  Icds,  : 

in   relation    to    visioo   11 1  different 
distances,  74  ] 
1  disable  nrutetua,  383 
Crystalloids,  382 
Cupula,  fsffp 

Curdling  ferine  tils,  445,  470 
Currents  of  acii-in. 

lonataiit,  nj 

induced,  i  14 

nerve,  no 
Cuticle.     Stt  Epidermic,  Epithelium. 
Cum  rem, 
Cystic  ilui-t."  981 
Cystin  in  urine,  549 


& 

Daltonism,  762 
Dtnieli't  battery,  112,  113 

Dei  ulna,  787,  800 
development  of,  802 
menstrua  lis,  786 

red***,  800 

serotina,  ib. 
vera,  ft, 
Decussation   of    fibres  in   medulla   ob- 
L ngatu,  m; 
in  spinal  cord,  642 
of  optic  nerve*,  769 
Defecation,  mechanism  of,  512 

influence  of  spin,.l  cord  on,  513 
Degeneration  method,  i'  ; 
Dog  l u t  it io n .     $rr  S wallowing, 
era,  cells  of,  705 
nueleue,  612,  bt*- 
Dental  germ,  78 
papiU 
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If 

ii-ls,  ib. 


Dentine,  74 

formation  of,  79 
Depressor  neive,  300 
Derail, 

Deaceniet  a  membrane,  728 
Dtfeoeodia*  tubals  of  lien), 

Deiitcro-aJb  imi)>f,  471 
Development,  788  > 

adipose  tissue,  40 

alimentary  can  - 

atlantoia.  So  1 1  806 

amnion,  805 

arteries,  817 

blood - 

bone,  6%  1 

brain,  820 

doekiue,  802 

ear,  $1$ 

extremities,  8 to 

eye.  832 
■Ucb,  835 

Fitllopian  tubes,  844 

fmtal  membranes*  003 

genito- urinary  apparatus,  840**  a*q% 

head,  8i  t 

heart,  815 

limlw,  811 

liver,  838 

lungs,  #39 

medulla  oblongata,  830 

muscle,  95 

m  1  fe-ntan 

nervous  system,  826  it  ajy 

nose,  835 

fii.Hopheguti 

apian  neree,  833 

organs  of  sense,  835 

ovum,  788 

pancreas,  838 

pttermr,  836 

pituitary  body,  810 
respiratory  apparatus,  839 
salivary  glands,  838 

HpiTUll 

stomach,  836 

teeth,  77 

vagina,  845 

vascular  system,  8t£ 

veins,  821 

i-ral  arches  and  clefts,  812  et  wq. 

Wolffian    bodies,    urinary    apparatus 
and  sexual  organs,  841  ft  9Cf* 
Dextrin,  378 
L»xtroseT'375 

in  urine,  551 

tesls  for  determining,  375,  552 
Diabetes,  496,  576 

artiScial  proaon  tun  in  animals,  497 
Diapedesi*  of  blood -corpuscles,  268 
Diaphragm.     <&re  Inspiration,  &c. 

development,  840 
ttje  of  liver,  495 
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E&TTHH" 

Din  Mole  of  heart,  224 

Elect n 

Di<Totii.-  pulse,  265 

.■si  qq  bloodn  orpmelea,  404 

Diet,  569  tt  tea. 
nutritive  nine,  4A2 

in  must  U\  181 

,  i& 

Electrodes,  no&*polnriaabte,  112 

Electrometer,  Lippmann'*eripilmry,  145 

1  hffuaion  uud  osmosis,  dUunjru  1*1^0,383 

1 ';   •  *tion, 

Electro ton 

in  the  uatiflrtifHM,  473  *f  s*?« 

Eleidin,  555 

duration  of,  512 

Elementary  substances    in  ihe   humxn 

mechanical  processes,  503  ft  My, 

body,  373 
Kijst.ryo,  7©  et  teq*     &                     mini. 

>;uitnu  Jtuiil.  rood,  Blon 

Dilatator  pupil  he,  730 

Embryologiral  method,  593 
Embryonic  heart  and  blooa- vessel  - 

Diplopia,  766 

Direct  cerebellar  tnirt,  599 

pyramid  al  t  mot,  598 

Emetic*,  511 

DisacchuriuVss  375 

Emulsi                 Si,  476,  500 

Discus  prul  1 

En:  mi  el  of  feeeU 

Di  uretics,  525 

formation  of,  79 

Dome's  line,  88 

Enamel  on: 

Dona]  ridges. 

Em  tartan  1 

Double  riuOfL  Juo 
Dromogmph,  ChauYeauY  . 

I ■Tli|-I»lj]lj>,  679 

End-plates,  moterialj  102 

Drugs,  l#UOD  ol,  512 

tndocardi&i   pressore,  234  1 1 

ri  ihe  eye,  75 1 

Endocardium,  197 

011  Hie  hear 

fcndouVrm, 

Duotlaai  elands,  313  rf  **y. 
Durts  of  Bellini,  518,  520 

EndoK  mph,  670,  701 
Endomysiuru,  85 

of  Cuvier,  822 

findosmometer,  311 

Ductus  arteriosus,  819,  820,  825 

Endothelium,  26 

closure  of,  826 

distinctive  ehanotem,  1*. 

Tenoflim,  821,  824 

germinating,  25 

closure  of,  82b 

Ecetmophile  oil*,  40c 

Dudgeon's  *phygnii>Kr.iph. 
Du  long's  calorimeter,  583 

Epenr  -e  pi  a  Ion,  606,  831 

Epi blast,  22,  792 

Duodcnun , 

orgam  formed  from,  j 

Dura  njulr 

Epicttrdium,  196 

Dyepncru,  349 

Epidermis,  5^4 

Epididymis,  777,  71S0 

Epiglottis,  71 6,  717 

1  jumhium,  85 

K. 

Epithelium,  23 
chemistry  of,  36 

Ear,  697 

ciliated,  30 

bones  or  rjsaicilCM  rf,  699 

cogged,  35 
columnar,  27 

fumtion  "1 

development, 

compound,  24 

extendi,  699 

cntoea.1,  27 

I'u nrt  ion  of,  706 

gem 

internal,  700 

gobb  t -shaped,  29 

function  of, 

nutrition  of,  36 

middle,  698 

pavement,  2(1 

function  of,  706 

renal,  525 

Bole's  fistula,  537 

simple,  £j 
Bpher*  idal,  27 

\>  bodarm,  792 

liferent  nerves,  f6o 

iiified,  14 
transitional,  33 

Eggs  M  fiKKl,  442,  449 

ElirlichV  experiments  with  methylene 

Erectile  structures,  r  inflation  in,  273 

blue,  367,  654  note 

Election,  46. 

Elastic  cartilage,  53,  56 

cause  of,  ib. 

fibres,  44 

centre,  65 1 

intluenee  of  muscular  tissue  in,  274 
Ergogranh,  llosso's  i  ^3 
Ety  throb  lusts*  411 

Elustin,  40,  389 

Electrical  nerves,  iGi 

.'• 

INDEX. 

857 

EltYTHUo-PEXTUrN. 

Food. 

Ervtirn-dextrin.  378,  465 

Fats,  37Q 

£4(1111  KV  album  Urometer,  551 

absorption  of,  500 

hi*U  tube,  698 

action  of  p                     ue  on,  47b 

function  of.  707 

chomicol  r  oust ilution,  379 

BsetttUkgt  of  material,  567 

decomposition  products,  380 

in  .iiTis «,  57j 

emulsificntion,  381 

with  various  diets,  573 

of  milk,  446 

Excitability  of  tissues,  105 

it  ion,  380 

Extt  Em, 

Fatty  fli  idn.  3 7«r > 

c  licet*  on  temperature  of  body,  580 

Female  generative  organ*,  782 

Enfrstwa,  34,1 
bng  0(1  KpintorvMt,  346 

Fenestrated  membrane  of  Haute,  1 

Fenestra  ovalis,  Cxjq,  701 

ilUltteQM  011  circulation,  356 

rotunda,  fa 

rnetJisimsm  of,  ^4 1 

Inn  of,  708 

muscles  concerned  in,  10, 

Ferment  coagulation,  384 

Juration  of,  344 

Ferments,  390,  467 

External  capsule,  1  ■: 9 

classification  of,  391 

sphincter  muscle,  541 

in  nan«*reatic  juice,  475 

Kxlruvi'iitrirvil.d  nn   1- u-.  fi27 

Fibreeof  Miiller,  7^3 

uiities,  development  of,  810 

of  tternak,  [02 

724 

Fibrila, 

Action  of  drugs  on  pupil,  751 
adaptation  or  vision  at  different  dis- 

Fibnn, vj>  5°A  4°0 

I'lin.  ril,  (gS,   ;< 

tances,  743  et  scq. 

fonn 

blood- vessels,  7.$ 

Fibrinogen,  82,  31  > 

CftuaM  of  dilatation  and  contraction 

Fibrinop!aj«tin,  400 

of  pupil,  752 

Fibro-cartilagc,  $5 

chambers  of,  738 

classification,  \h. 

development,  832 

development,  0 

optical  apparatus  of,  731 

white,  SS 

defects  in,  747 

yellow,  56 
Fibrous  tissue,  44 

refractive  nmJiu  of,  73c, 

resemblance  to  camera,  ih. 

whit. 

Fyb.ill.  725 

yellow,  46 

blood-vessels  of,  73-H 

Pick's  spring  kymograph,  282,  283 

muscles  influencing  movement,  -h\ 

Fifth  cranial  nerve,  6 it 

EjelUta,  . 

Fillet,  62u 

development  of,  835 

Filum  terminate,  588 

Eves,  simultaneous  action  in  Tjsiin,  ;<6 

Fishes,  circulatory  system  in.  111 

* 

F 1  eisch  r  s  hwmogfobin  omete  \ . 

Flesh  of  animals,  442 

Flour  as  food,  450 

F. 

Fluids,  aw? Mowing,  506 

Fluoride  of  calcium,  58 

race,  development  of,  8n 

Focal  distance,  743 

Facial  nerve,  6ll 

Fu?tal  mambranaa,  800 

e fleets  of  paralysis  of,  fl. 

development  of,  803 

origin,  ib. 

Foetus, 

r.  Lit  ion  of,  to  espreaiion,  ib. 

circulation  in.  BSI 

Faeces,  composition  of,  502 

communication  with  mother,  808 

tnlity  punned.  y*i 
Fallopian  tubes,  78b 
development  of,  S44 

Follicles,  Graafian.     6Vc  Graafian  vehi- 

cles. 

Food,  442 

Falsetto  voice,  7 20 

absorption  of,  498  tt  Nf« 

Faradisation,  127 

accessories  to,  453 

Fur-point.  747 

cooking,  452 

F  listing, 

digestibility  of  articles  of. 

influence  nn  secretion  of  bile,  572 

value  dependent  on,  ib. 

Fat.     #ee  Adipose  tissue. 

heat -value  of,  £01 

action  of  bile  on,  492 

of  man,  443 
too  litlle,  571 

of  pancreatic  secretion t  475 

situations  where  found,  47 

proximate  principles  in,  442 

uses  of,  49 

vegetable,  i5,t  451 
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1  -ouAMB*. 

Foramen  orate,  819 

GliMon't  capsule,  485 

ofMigandii 

Glabra,  4 1  s 

Fore-gut, 

Hi..!.                             jSj 

Forma  t,iv< 

djatinctions  fi.m  albuaio1 

Fomiir  (icid.  379 

-pharyngeal 

Forrm 

Fourth  (  nuiiftl  nervo,  Mm 

ftjo 

F0T6I  rt'ritr.ilif. 

motor  n  la  menu. 

Froniiim-  line*,  101 

a  neive  of  commnn  senaal 

Froulul-na*nl  prwcM,  8(4 

taate,  613 

Fundus  of  «\tj,  754 

of  urinary  bladder,  521 

GlU<  < 

Fungiform  papill 

in  livtr,  4^4 

Funiculus  ■oUtariua, 

tev 

Furfur  aid* 
Fuacin  granule-. 

Glrcoridca,  179 
Gly<  1 

chalk  in  -id. 

pgjb 

& 

Gl>                      L04 
char 

Galactose 

•>u  of,  495 

Gall-bkdd*rf  486 
structure.  ; 

preparation,  »0. 

quantity  1 

fi:ih>inism,  139 

sour*  e  of,  494 

Galvanometer,  1 40 

(ramaee,     phot 

htrmoglobin  nud  its  <l<  riralives,  421 

■  st,  491 

ngiia,     Am  Horre-oeil  i 

Goblet  oelk 

npaLbetie,  Runetlnn 
,  706 

Goll's  column,  5-. 

GoweiV  bwri. 

hremoglobiuon  . 

1 J  uses. 

extraction  from  blood,  300 

formation    and 

in  IiIhkhI,  tb 

in  tht*  lun| 

rrlnli.'n  n|  onun  to,  7K3 

rupture  of,  change*  following,  784  f* 

of  pkans  :iim  urum, 

Gaatnc  gland*.  1 

rvfttkn  ofc  4<>i 

• 

Hrnti-                              U  08l 

Gaalrie  juiiv,  4tiC/ 

Gninuli'ir  layers  <>!  n  tn, 

for,  ii. 

ty,  mlJuenee   of,    ->si 

Lotion  on  food,  470  (*•• 

|6; 

urtiticial.  46b 

Grehant,  output  ol  th< 

bacterial  action,  477 
onmpo&ition  of,  468 

rebellum,  1 

I'hnim,  |i» 

pep»in  or,  J67,  468 

influence  of  nervou*  system 

of  medulla  oblongata,  6t»8»  615,  617 

of  pons  Varolii, 

iiYluiiri,  4. 

as  a  con Kt nut-Tit  of  food,  450 

• ,  primitivi 

« i  lenitive  organ*  of  the  leinnle,  7S2 

Ath  of  bom, 

of  the  mule,  ;;'> 

Geni  to-urinary  apparatus,  drrtlooraent 

Guheramulnm  [ 

Gullet,  \2'4                             £Ua. 

B40  vi  y"/. 

&i  ]  hicb  s  network 

Gustatory 

aii:tl  ->-l  I-.,  827 

■  ~?3 

fjdtlli.iijri,, 

SI. 

■/at,  22.  7S<. 

Hiemarytomctera,  407,  408 

Giant  cells,  59                                     fc 

!  1  '  uiudromoro- •' 

GUnd,  prostate,  522 

ILf  inutio,  41 ; 

6  finds.     S$t  names  of  dtffemU,                   H*Tnatobla«ts,  316,  401 
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ILf.matooiiombter. 

Hiematochnmeter,  Vierordt's,  257 
Haematoidin,  416,488 
Hspmatoporphyrin,  416 
Hem-autograph,  2<>G 
IlflDn  in.  41O 
IIsBmochromogen,  415 
Haemoglobin,  401,  413  et  *eq. 

analysis  of,  415 

compounds  of,  417 

crystallisablc,  383 

distribution,  413 

estimation  of,  423 

photographic  spectrum  of,  421 
n»moglobinomcteis,  423,  424 
Hsemoglobinuria,  paroxysmal,  553 
Hair-follicles,  557 
Haii s,  557 

structure  of,  ib. 
Hamulus,  703 
Hare-lip,  cause  of,  814 
Hassall,  concentric  corpuscles  of,  320 
Haversian  canals,  61 
Head,  development  of,  81 1 
Head  and  tail  folds,  796,  797 
n earing,  anatomy  of  organ  of,  697  tt 
seq. 

influence  of  external  ear  on,  706 
of  middle  ear,  707 

physiology  of,  706 

range  of,  710 

See  Sound,  Vibrations,  etc. 
Heart,  196  et  seq. 

action  of, 

accelerated,  244 
force  of,  239 
frequency,  ib. 
inhibited,  243 

auricles  of,  197,  224 

capacity,  200 

chambers,  197 

chorda*  tendinea  of,  202 

columna»  carnea?  of,  ib. 

course  of  blood  in,  204 

cycle,  224 

development,  815 

endocardiac  pressure,  234 

endocardium,  197,  201 

firtnl,  246,  815 

force,  239 

frog's,  222,  223 
instruments  for  studying,  252 
nervei-  of,  245 

ganglia  of,  ib. 

influence  of  drugs,  246 

of  pneumogastric  nerve,  242 
of  sympathetic  nerve,  244 

innervation,  241 

intracardiac  nerves,  247 

investing  tac,  196 

muscular  fibres  of,  93 

musculi  pa  pi  Hares,  202 

nervous  system,  influence  on,  241 

output  of,"  240 


Hyaline  Corpuscle. 

Heart — continual. 
pericardium,  196 
phv  siolo^y,  224  et  aeq. 
reflex  inhibition,  24 0 
situation   196 
size  and  weight,  *oo 
sounds  of,  228 
causes,  229 
structure  of,  201 
valves,  ib. 
auriculo -ventricular,  200 

function  of,  226 
semilunar,  203 

function  of,  227 
structure,  203 
ventricles,  their  action,  179,  200 
work  of,  240 
Heat,  animal.     See  Temperature 
influence  of  nervous  system,  585 
of  various  circumstances  on,  584 
et  aeq. 
losses  by  radiation,  etc.,  582 
variations  of,  580 
Heat  coagulation,  384 
Heat-rigor,  I  $(*,  note 
Heat  spots,  687 
Heat- value  of  food,  581 
Height,  relation  to  respiratory  capacity, 

347 
nehcotrema,  704 
Helix  of  ear,  697 
neller's  nitric-acid  test,  $<ji 
Ilelmholtz's  induction  coil,  117 

myograph,  118 

ptiakoscope.  745 
Hemi-albumin,  471 

albumose,  ib. 

peptone,  ib.,  475 
Hemianopsia,  662,  770 
Hemiplegia,  656 

Heraisection  of  spinal  cord,  600, 641 
Hemispheres,  Cerebral.    See  Cerebrum. 
Hensen's  line,  89 
Hepatic  cells,  482 

colic,  493 
Herbat. « orpuscles  of,  679 
Ilering's  theory  of  colour,  762 
Hetero-albumose,  471 
Hexone  bases,  yp 
Hiccough,  mechanism  of,  352 
Hill   (Leonard)   on   the  circulation   of 
bl"od  in  the  brain,  270  et  seq. 

on  the  influence  of  gravity  on  the  cir- 
culation, 287 
Hill's  air-pump,  371 
Hind -gut,  799 
llippuric  acid,  542 
Histon,4i5 
Holobhutic  ova,  789 
Horopter,  768 

Hurilile's  manometer,  238,  284 
U  y aline  cartilage,  53 

corpuscle,  405 
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ITtaloplabm. 

Rzmn  is. 

ioplasm  9 
Hi,  dro bilirubin,  491,  532 

Intestines— eont*> 

glands,  441 

Hyponiittropiti, 

Hypoblast,  22,  "*>2 

ilia  formed  from,  8c 0 

structure,  139 

racjvetiM  t,i>,  if] 
nervous  met  hnninm,  ft. 

Hypoglossal  nen 

dis'ri button ,  614 

small,  432 

da,  438 

origin,  613 

Hypoxanthme,  317,  321,  542 

structure,  433 

'presence  in  tKe  »plccii,  317 

1  Tl  1  I    I 

Intraventricular  nu 

Inversion,  375,  4" 

lnvtrtin,  477 

I. 

Involuntary  muscles,  84  (*r  157W  inf.) 

tun  nf,  84 

[odo-thyrin,  324 

Ileo*c*cal  valve,  432,  439*  441 
Ileum,  433 

Iris,  730 
development  of,  834 

Image,  formal  inn  on  retina,  741 

functions,  750 

Impregnation  of  ovum. 

ntivx  actions,  751 

Inanition  or  starvation,  571 

Irradiation,  7>o 

1]  ritabilUj  oi  tissues,  105 

Incus,  700 

development  of,  814 

lso-rholcstcrin,  493, 

Indiean,  545 

I  ho- maltose,  377 

Indigo,  ib. 

Isonx                   ■  ti.-n.  1  \s 

I  rid  in  t  ion  roil,  I  [4  et  tey. 

traction,  nV, 

current,  114 

Infundibulum, 

Inhibitory   Dentn    Rw    ii 

venom*  !>l"iMi  in,  3'»i 

J. 

Inhibitory   influence  of  pneumogastric 

'  243 

Jacksonian  epilepsy,  ^56 

Inhibitory  nerves,  t6l 

Jacohson'a  nerve,  613 

Inogen,  152,  156 

Jaundice.  4^3 

InorganicT  compounds  in  body,  373 

Jci  01  in,  j:'» 

salts  in  protoplasm,  9 

Jejunum,  433 

Jelly  of  \\  bartotL43 

Inositr,  ^7'f 
Insalivation,  503 

Jelly-like  connective  tissue,  52 

Inspiration,  337 
cIh                             norae  by,  338 

Juioa,  gastric,  4G6 

pancreatic,  474 

expansion  of  chest  in,  340 

extraordinary,  ib. 

force  employed  In,  346 

mechanism  of,  337  V/  $eq> 

K. 

Instruments  for  demonstrating  muscular 

:u 'tion,  \\2  et  #cq. 

Kriryokinesis,  17  et  *c#. 

Intercellular  material,  5,  39 

p bases  of,  21 

Damage,  U§ 

KatMbolic  phenomena,  566,  774 

Intercentral  nerves,  [63 

KatrU'i  trot 

[otaroottsj  muscles,  action   in   inspira- 

Keratin,  37,  3S9,  535 

Key.  hu  Hoi*  tfeymond's,  1 13 

ti'.fi.  HO  *"t  *eq* 

action  in  expiration,  Jf! 

Kidneys,  513 

Intermittent  pulse,  2bl 

i  -vessels  of,  how  distributed,  520 

I j i  •  ma]  capsule,  629 

effect  of  ligaturing,  525 

importance  of,  ib. 

calyoea,  $14 

Internal  sphin'ter  musrle.  441  >,  51 1 
Interstitial  eells, 

capillaries  of,  jw 
development  of,  844 

Intestinal  juice,  476,  512 

diseaa                     on  the  tkin,  563 

Intestines,  432 

extirpation  of,  529 

net  inn  of  drugs,  512 

f  une  t  ion  j  52 1.     5a*  Urine. 

digestion  in,  471  et  #ej. 

11  alp  ig  hi  an  corpuscles  of,  516 

duration  of,  5 12 
development,  537 

nerves,  522 
^eMs  of,  514 
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Kidneys. 

Kidneys — con  t  in  ued. 
structure,  514 
tubules  of,  516  et  eeq. 
weight,  514 
w  work  done  by,  527 

Kinesthetic  centre,  664 

Knee-jerk,  646,  649 

K6qi<  s  apparatus  for  obtaining  flame- 
pictures  of  musical  notes,  721 

Kossei  on  protamines,  wo 

Knuse's  >uembrane,  88 

Kronec  leer's  p*rfu*ion  cannula,  252 

Kymograph,  Fick's  spring,  282,  233 
Ludwu's,  279 
tracings,  282,  284 


L. 

Libia  externa  and  iateraa,  development 

of,  847 
Labyrinth  of  the  ear.     See  Eur. 
Lie ri mil  gland,  725 
Lact-albumin,  44; 
Lacteals,  216,  430,437,  500 

fermentation,  377 
Lactiferous  ducts,  447 
Lactose,  376,446,  551 
Lamina  cribrosu,  7}} 
Lamiiue  viscerales  or  ventrales,  79S 
Lingley's  experiment  on  vagus  and  cer- 
vical sympathetic  nerve,  297 

ganglion,  461 

nicotine  method,  29;,  463 
Large  intestine.     See  Intestines. 
Laryngoscope,  716 
Larynx,  anatomy  of,  71 1 

cartilages  of,  tb. 

mucous  mjrnbrane,  715 

muscles  of,  713  ct  xeq. 

nerves  of,  715 

vocal  cords,  711.  717 
movements  of,  718 
Lateral  sclerosis,  645 
Litoritious  deposit,  541 
Lecithin,  99,  J81,  478 
Lens,  crystalline,  730 
Lenticular  nucleus,  627 
Leucine,  321,478 
Leucocytes.       See    Blood    corpuscles 

(whit-). 
Levulose,  375 
Lieberkuhn's  glands,  438,  441 

jelly,  386 
Limbs,  development  of,  811 
Lippmann's  capillary    electrometer, 

.MS 

Liquor  amnii,  802,  805 

sanguinis,  or  plasma,  82,  393 
Liver,  481 

blood- vessels,  484 

capillaries,  485 


Lysine. 

Liver — continued. 
cells  of,  482 
circulation  in,  a8c 
development  01,  838 
extirpation  in  mammal*,  537 

in  frojrs,  ib. 
formation  of  urea  by,  487,  537 
function*,  487 
glycogenic  function  of,  494 
nerves  of,  498 
secretion  or.    See  Bile, 
structure,  482 

sugar  formed  by,  494  («r  496) 
supply  of  blood  to,  481,  488 
Localisation   of  tactile   sensations,  684 

{see  644) 
Locomotor  ataxy,  642,  649 
Loop  of  flenle,  518 
Ludwig's  air-pump,  370 
kymograph,  279 
Stromuhr,  256 
Lunatic's  brain,  667 
Lungs,  333 
air-sacs  of,  335 
blood-supply,  336 
capillaries  of,  335 
changes  of  air  in,  363 
circulation  in,  336 
coverings  of,  3U 
development  or,  839 
diffusion  of  gases  within,  365 
lobes  of,  33.J 
lobules  of,  tb. 
lymphatics,  336 
muscular  tissue  of,  335 
nerves,  337 
nutrition  of,  336 
position  of,  328 
structure,  333 
Luxus  consumption,  576 
Lymph,  215,  30; 
composition  of,  306 
current  of,  309 
formation  of,  3  to 
Lymph  capillaries,  215 
origin  of,  217 
structure,  ib. 
Lymph -hearts,  structure  and  action  of, 

relation  to  spinal  cord,  310 
Lymphag  >gues,  312 
Lymphatic  glands,  217,  306 

development,  839 
Lymphatic  vessels,  215 

of  arteries  and  veins,  212 

communication     with     blood-vessels, 

215 
structure  of,  217 

Lymphocytes,  306,  405 

Lymphoid  or  retiform  tissue,  50.    See 

Adenoid  tissue. 

Lysatinine,  538 

Lysine,  ib. 
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fKDIX 

M. 

Ifol    Ml 

Macula,  671 

Men  uriiil  kwuogmph,  279 
Meroblnstie  ova. 

lutea,  732 

Afaculfc  aeouttici 

Meseneeph  Ion,  bob,  83 1 

Wale  organs  of  (                   770 
sexual  turn  ttoni 

UfeOblMt.  22,  792 

organs  formed  from,  ?oo 

Malleus,  700 

Mosoei-jihulon,  831 

Mnlpi^hitir.                                       (  kid- 

Mesoderm,  7>2 

ft  y.  w6.      &  1   Kuh 

Mrhibolir  baiauee-sheeta,  569  ft  mq. 

ecu  I 

IflltOM,  377,  465 

UffUboliaii; 

Mammary  glands,  147 

gemei  d,  564  si  1*9, 

McLmcphn 

invi : 

Met*                              ^ji 

lactation,  ib. 

MethssmogLobin, 

itrueturu,  447 

phi  top  iphii   -i"  1  U  ura  i»f,  421 

Mandibular  ard 

M  inoTiiciir,  HOrthle  s,  238,  284 

Micrococci!* 

Marcy's  iphj'ffmogTfepk,  262 

Micro-organisms,  type©  of,  39 1 

tambour,  i2<>,  233 

Hicropj  Le,  ;'  9 

Mastication,  503 

Mr                         -4'9 

Mastoid  1  ells  c^a 

Meat  aa  food,  .|4<; 

1 »  11- 

Meatus  of  ear,  703 

Mi.i                         1\  rntarjum, 

Meconium,  503 

Midgut,  7 90 

Medulla  oblongata.  186,603,  60b  ^  *<-? 

Milk,  as  to  d,  4U 

minimis  of, 

slcohutio  fenui                        ;|7 

decussation  oi  Rbros,  617 

ehrmirul  composition,  445 

■  1  Telopmwit,  8 

kg ulation  Of,  1/'. 

fibres  of,  ho*  distributed,  607 

fats  of,  44b 

grey  mutter  in,  (jCO 

■  in  mi.  .-1  .  ompositioo,  ib. 

pyramid*  of,  an* 

•  id*  of.  445 

posterior,  Go* 

fraction  iiml  specific  gravity,  ib, 

structure  «>f,  hi 5 

sails  of.  447 

Medullary  groov< 

sec  *  re  Lion  of,   144 

plates,  |#! 

souring  of,  446 

Meibomian  follicle*,  156 

uterine,  803 

Miner's  plexu- 

Milk-curming  ferment,  476 

Mfl]  mill  u  iittiuli  1 

Milk -globules,  444 

Membrnna  eapsulo-pupillariji,  835 

Milk-hu»f*ir,  376,  4^6 

do*  idua,  800 

propc  i 

granuloma,  7S4 

Mi  Ik- teeth,  70  A 

development   Into   corpus  lui.eurp, 

Milton**  re-agent  and  test,  383 

ib. 

hvaloidea,  ffi 

Modiolus, 

iiimitaus  externa,  73s 

Molars.     ,S>  T- 

ihU 

Holeaular  hirers.  734, 
Molesrhotts  diet  iiibh  , 

propria  or  buscun  nl  membrane.     Ste 

Jiasenu  nt  Membrane. 

Monasl                                   l*,  19 

pupillane,  835 

slonkev '§  bruin. 

Monoplegia. 

acti-n  of,  70.) 

Monosaccharides,  374 

tyrnpani,  faQ,  707 

Monro-Kellic  doctrine,  271 

Mi'inbi  une  of  the  bruin  and  spinal  cord. 

ItrHffls'l  test  for  sugar, 

Jft 

Morphological  development,  22 

vitelline,  785 

Moss's  ergogruph,  153 

Membrane,  mucous.    See  Mucous  Mem- 

Motor   areas    of    cerebrum.    1 

brane, 
aeroos,  455 

66l 
imnulsns,  transmission  in  end,  643 

Membranous  labyrinth,  Tor,  702.     £sf 

iirnt-tibies,  <)8 

Ear. 

Motor  nerve-,  ]<*.» 

Hen«truati>>ii,  7N4,  -87 

Motor  oottU  nam 

coincident  with  disoblige  of  ova,  787 

origin  o£  *k. 

corpus  lute um  of,  7*4 

'<„  ^2f> 
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Movements  of  protoplasm. 

Movements  of  protoplasm,  13,  106 

peristaltic,  of  intestines,  51 1 
of  involuntary  muscle,  157,  158 
of  stomach,  507 
Mueic  acid,  376 

Mucigen  or  Mucinogen,  29,  37,  459 
Mucin,  29,  36,  389,  456 
Mucous  membrane.  455 

digestive  tract,  456 

epithelium-cells  of,  456.    See  Epithe- 
lium. 

gastro-pulmonary  tract,  ib. 

genito- urinary  tract,  ib. 

gland-cells  of1,  ib. 

of  intestines,  435,  440 

respiratory  tract,  456 

of  stomach,  430 

of  uterus,  changes  in  pregnancy,  787 
Mucus  deposited  from  urine,  546 
Muller's  nbre*,  733 
Miillerian  duct,  841 
Multipolar  nerve-cells,  188 
Murexule  test,  540 

Muscarine,  action  of,  on  thdicurt,  246 
Muscle,  in 

blood-vessels  of,  93 

cardiac,  94 

changes  in  form,  when  it  contracts, 
112  et  seq. 

chemical  changes  in,  152 
composition  of,  155 

clot,  155 

columns,  87 

contractility,  107 

curves,  119,  122—124 

development,  95 

dynamometer,  137 

elasticity,  131 

electrical  phenomena  of,  139  it  wy., 
181 

extensibility  of.  131  et  seq. 

fatigue,  etfect  of,  124,  153 
curves,  124 

Ileusen's  line,  89 

involuntary,  81  («r  157  et  neq.) 

irritability,  108 
evidence  of,  ib. 

nerves  of,  93 

plain,  94 

plasma,  155 

red,  93 

response  to  stimuli,  109  et  eeq.>  181 

rigor.  154,  159 

sarcoleinma,  85 

sensory  nerve-endings  in,  682 

seruru,"  155 

shape,  changes  in,  128 

skeletal,  85 

sound,  developed  in  contraction  of,  128 

spindle,  96,  648.   See  Xeuro-muscular 
spindle. 

stimuli,  109 

striated,  structure  of,  87  et  seq. 


Nerve-centres. 

M  usele — contin  ued. 
tetanus,  128 
thermal  changes  in,  150 
tonus,  136,  159 
twitch,  122 
I       voluntary,  85  («•<■  157  et  seq  ) 
I       wa  e,  125 
i        work  of,  136 

.    Muscles,  reciprocal   action   of    antago- 
I  nistic,  648 

1    Muscular  action,  conditions  of,  138 

Muscular  contraction,  III,  123 
I       effect  of  two  successive  stimuli,  1 20 
of  more  than  two  stimuli,  127 
voluntary  tetanus,  128 
I    Muscular  fibres, 

development,  95 
i       plain,  84 

I       transversely  striated,  ib. 
•    Muscular  force,  136 
I  irritability,  108 

sense,  687 
tissue,  84  et  seq. 
composition  of,  156 
Muscul&ris  mucosa?,  331,  430, 436,  437  f 

441 
Musical  sounds,  720 
Myeloplaxes,  59 
Myelospongium,  826 
Myograph,  112, 
llehnholtx',  118 
pendulum,  120 
spring,  ib. 

transmission,  129  (*<r  169) 
Myopia,  or  short-sight,  747 
Myosin,  155 
Myosinogen,  156 
Myxedema,  323 


Nails,  556 

Nasal  cavities  in  relation  to  smell,  694 

et  seq. 
Nasmyth's  membrane,  74 
Near  point  74b 
Nerve-cells,  varieties  of,  1 88 
Nerve-centres,    184  et  aeq.     Set  Cere- 
bellum, Cerebrum,  «fec. 

ano-spinal,  513 

cardio-inhibitory,  358 

cilio-spinal,  651 

defalcation,  513 

deglutition,  505 

erection,  651 

micturition,  £30,  65 1 
a,  651 


parturition.  651 
respiratory,  348 
secretion  of  saliva,  461 
speech,  662 
vaso-motor,  291,  358,  651 


864                                                   INDEX. 

Nerve  cobpt;scl*i. 

Optic  rmi 

->  orpuscles,  1 88  $t  **q. 

Nervous  circles,  636,  649 

bipolar,  188 

Nervous  ay 

unipolar,  ib. 

■  epitkeUum,  67$ 

rerebro-spinal,  185,  586 

developn.                      ?q. 

Nerve- impulse,  velocity  of. 

aympathcti 

Nerve*,  97 

Karroos  ii^m  1,  iMvmtfttrj  <■'■ 

accelerator,  160 

Neural  crest,  829 

it  ion  of  stimuli  on,  109,  531 

Neuroblast-*,  827 

nt,  97,  ibi 

Neuroglia,  J 87,  59O 
Neurokeratin.  99,  187 

■■-•  v Under  of,  99 

cell*,  98,  (88 

-muscular  spinal                    082, 

i  ifugal,  160 

centripetal,  (6l 

462 

oerebro-spinal,  185,  5S6 

1,  during  activity,  168 

■  jdde  haemoglubir 
Nitrogen     eliminated    in    the  form   of 

classification,  rOo 

urea,  4  |  J 

•  Onductivity  of,  177 

Nodal  point,  ;^Q 

j nfiiul,  |8Si  <* 

Nodes  of  Banvier,  09 

aeratum,  i<»3,  194 

Nose,     See  Smell, 

re  m  tion  of,  182 

development  of,  835 

development,  £28 

Notochord,  71^, 

direction  of  I  nerve  impulse,  169 

Nuclear  layers,  734,  735 

tffbeant,  97, 160 

san  cir  matrir,  10 
Nuclei'  * lid 

rli'.  tricul,  c6l 

stimulation  of,  tSf 

Nuelein,  II,  389,446 

fibre*,  08 
development  of,  104 

Nuclei  pout  is,  619 
Nueleou,  10 

too*  of,  163 

Nueleo-proleids,  386 

Juiiii'uli  of,  101 

Nuch                              6,  9  et  s*y, 

jrrey  matter,  98 

chemical  composition,  11 

inhibitor y\  1  f>  1 

division,  16 

interrentral,  id} 

■  t,  10 

intracardiac,  247 

structure,  10 

irritability  of,  J 05 

is  ambigui 

laws  of  conduction,  160  etacq. 

medullary  aheat  h,  99 

mcdullated,  98 

O. 

motor,  160 

11  nation  of,  102 

Odontoblasts,  74,  76,  78 

nodes  of  ftauvii 
non-rneduHatod,  98 

1  ►[nirtogcn,  7q 

Odours,  <                      aUL 

olfactory,  69c 

(Esophagus,  development,  83^ 

physiology  of,  h*i  ti  -»"/■ 

structure  of,  427 

plMCIIMM  "i 

Oleaginous  principles. 

secretory,  w\ 

in  id,  380 

section  of,  163 

Oleiu,  3*9 

size  of,  roi 

Olfactory  bulb,  696 

spinaL     See  Spinal  N< 

cells 

splanchnic,  stimulation  of,  348 

nerves,  61  < 

stimulation  of  out,  l6j,  34.^ 

tract, 

structure,  98 

"  ro 

sympathetic,  influence  00  heart,  244 

Olivary  body,  bOk% 

i  era  hsrnai                    _}09 

taste,  S91 

terminations  of, 

U  m  p  ha  lo  -  m  esc  1  ll                  1,  flClft  815 

iu  corpuscles  of  Golgi,  683 

Oncograph,  Roy's,  30;. 

in  corpuscles  of  Graudry,  ($2 

Oncometer,  525 

iu  < nrpuscles  of  Hcrbsf , 
in  end-bulbs,  ik 

^8,303,  3. $ 
Ophthalmoscope,  754  tt  ttq. 

in  motoriul  end-plates,  102 

Ojytk  neive,  bio 

in  networks  or  pWnitaa.  <>84 

decussation  of  fibres  in. 

in  Pacinian  corpuscles,  578 

development  of,  833 

in  (out  Ji-loijii-'  lis,  I 

Optic  thalamus, 

trophic,  r6l,  774 

vesicle,  primary,  829 
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Optical  Anole. 

Optical  angle,  741 

apparatus  of  ej  e,  739  (see  747) 
Optogram,  764 
Ora  serrata  of  retina,  732 
Orung's  brain,  638 
Organ  of  Corti,  704 

of  Giraldes,  844 
Organic  compounds  in  body,  373 
Organised  ferments,  391 
Osmosis,  311 

distinguished  from  diffusion,  383 
Osmotic  pressure,  method  of  estimating, 

528 
Ossein,  388 
Osseous  labyrinth,  701 
Ossicles  of  the  ear,  699 

action  of,  707 
Ossification,  64  et  »eq. 
Osteoblasts,  63,  68 
Osteoclasts,  68 
<  'stoogen,  64 
Otoliths,  671 
Ovary,  782 

development  of,  786 

Graafian  vesicles  in,  782 
Oviduct,  or  Fallopian  tube,  786 
Ovigerms,  782 
Ovum,  22,  788 

action  of  seminal  fluid  on,  790  et  seq. 

changes  in  ovary,  789 

previous  to  fecundation,  ib. 

cleaving  of  yolk,  791 

development,  788 

fertilised,  791 

formation  of,  786 

germinal  vesicle  and  spot  of,786  et  eeq. 

impregnation  of,  790 

segmentation,  791 

structure  of,  788 
in  mammals,  784—786 

subsequent  to  cleavage,  791  et  seq. 

un  impregnated,  788 
Oxygen  in  the  blood,  366,  373 
Oxyhemoglobin,  83,  413  ct  seq.,  417 

spectrum  of,  419,  421  (see  coloured 
plate) 
Oxynfic  cells,  466,  467 
Uxyphile  cells,  405 


P. 

Pacchionian  bodies,  588 
Pacinian  corpuscles,  678 
Pain,  679  (*<r  642) 
Palmitic  acid,  380 
Palmitin,  379 
Pancreas,  473 

development  of,  838 

extirpation  of,  480 
diabetic  condition  produced  in  ani- 
mals by,  ib.y  497 

K.P. 


Pharynx. 

Pancreas  —continued. 
functions  of,  480 
secretory  nerves  of,  479 
structure,  473 
Pancreatic  juice,  474 
action  on  fats,  476 
composition  and  action,  47 |. 
Papilla? 
of  the  kidney,  517 
of  skin,  distribution  of,  556 
of  tongue,  690 
Parachordal  cartilages,  81 1 
Paradoxical  contraction,  174 
Paraglobulin,  400 
Parapeptone,  471 
Parietal  cells,  4*1,  466 

mesoblast,  790 
Parotid  gland.  463 
Parovarium,  844 
Paroxysmal  hemoglobinuria,  553 
Pars  ciliaris  retime,  738 
Parturition  centre,  651 
Par  vagum.     See  Pneumogastrio  nerve. 
Pathological  urine,  550 
Pavy's  views  as  to  the  liver  being  a 

sugar- forming  organ,  496 
Pawlow's  method  for  obtaining  pure 

gastric  juice,  4;o,  479 
Pelvis  of  the  kidney,  514 
Pendulum  myograph,  120 
Penis,  780 

structure,  ib. 
Pepsin,  466 
Pepsinogen,  467 
Pepsin-hydrochloric  acid,  468 
Peptones,  382,  472 

characters  of,  472 
Peptonuria,  55 1 
Perception,  675 

Perfusion  cannula,  Kronccker's,  252 
Pericardium,  196 
Perichondrium  of  cartilage,  54 
Perilymph,  or  fluid  of  labyrinth  of  ear, 

670,  701 
Perimeter,  758 
Perimysium,  85 

Peristaltic  movements  of  intestines,  51 1 
of  involuntary  muscle,  157,  158  {*ee 

S05) 
of  stomach,  507 
Perivitelline  ffuid,  790 
Permanent  teeth.    See  Teeth. 
Perspiration,  cutaneous  561 
insensible  and  sensible,  ib. 
ordinary  constituents  of,  563 
Pettenkofer's  reaction,  4<jo 
Pcyer's  patches,  439 
Pfl  tiger's  law  of  contraction,  178,  182 
Phagocyte?,  269.  406 
Phakoscope,  Helmholtz's,  745 
Pharynx,  426 
action  in  swallowing,  ib. 
development,  836 
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PltBXTL   i                          1'EBT. 

ICfii.ja    AJlC. 

Phenyl  hydrazine  tdt,  377 

Processus  vaginalis,  845 

PhUrulziii-dbl 

Projection  fibres,  634 

Phosphates  in 

Pronephros,  B41 
Pro-nucleus,  female,  790 

Phot*                                           flobin, 

oxyhemoglobin,  and  iiw  the  rnoglnbin, 

male,  ib. 

421 

Prop*  ptone,  47 1 

Phrenograph,  344 

Prosencephalon,  606,  831 

Pbyaiolopi.al  methods,  3 

PmtatH  glund,  522 

rneoscope,  149,  158 

ainea,  300 

l'i  1  mater,  587 

Protefee,  ^81 

Pigment  cell*  of  retiu 

absorption  of,  499 

Pineal  gland,  327 

action  on  polarized  light,  383 

Piotrowski's  reaction,  384 

of  blood,  40 * 

Pipsrtdine,  action  of,  ^27 

clMSsifi  cation,  385 

Pituitary  body,  327 
ieTttLopmeot,  810 

ooagulatod 

colour  reactions,  383 

Placenta,  maternal,  Sot,  802 

composition,  381 

fatal,  806 

ml  ion,  383 
imliffusibility  or,  J582 
precipitiints  of,  3^4 

Plasma  of  blood,  82, 393,  31)8 

gases  of,  400 

Plethysmogniph,  303 

solubilities 

Bohwfer**,  254 

Proteose  38:^  472 

Pleura,  33 1 

fham  tan  of|  47' 
Prothrombin] 

Pleuro- peritoneal  oarity, 

Plexus, 

Prutu-nlbumose,  471 

terminal,  683 

Pro*  op  hi  am. 

Pneumagastric  nt  sr*i . 

ohanloml  structure,  9 

distribution  of.  i 

irritability,  15 

influence  on 

movements,  It  #1  sag  ,  10b 

deglutition,  503 

Proto-vi  rtebne,  7*5,  79^,  809 

grusttric  digestion 

Pseudupodia,  13,  lo 

1  'lion,  470 

Psuiidoscope,  773 

heart,  2}^ 

Pseudo-stoniRta,  212 

lung*  (tronhic)t  775 
muscl  1  0/  et'-n^i^h,  509 

Ptosis,  766 

Ftyalia,  46O,  4<J,S 

pain  rcatic  se<  ration,  479 

Ptyalinogeri 
Pulmonary  art  it 

respiration,  ICO 

VQttrftinff,  51V. 

Pulse,  anacrotic,  21*5 

ntiied  function  of,  613 

arterial,  261  «-f  »eq. 

origin,  ft. 

dicrotic,  2ti$ 

Pogc^ooorfi  iheodiorJ,  173 
P»bl'ft  commutator,  172 

Purkiuji  >  oeuf,  190,  623 

fibres,  qO 

Polar  globules,  789 

figures,  753 

function  -I 
Polarimetcr,  vs7 
Polysaccharides,  374 

IMoric  glands,  431,  .;■ 
Pyramidal  tracts,  597  tt  »eq. 
Pyramids  of  medulla  oblongata,  (07, 

Pons  Varolii,  603 

fco8 

grev  matter  i ik 
Portal  runttis,  484 

circulation,  205 

& 

vein,  484.     Stf  Liver. 

Poatgangtionk  fibres,  295 

Preganglionic  fibre-,  <A 

Quiintuiind.   mtput  of  the  heart,  240 

Pregnancy, 
corpus  luteum  of,  784 

It. 

Presbyopia,  750 

Pressor  nerves,  }0u 

(fare moa«!  gland  a;  456 

Pressure,  sense  of,  686 

lianke's  metabolic  balance-sheet,  569 

Pressure-measurers,  276 

diet  labia.  443. 

Primitive  groo » e,  792 

Raj  naud'a  disease,  305 

nerve-sheath,  or  Schwann's   sheath. 

II.  section  time  in  man,  6pj 

98 

Kedueed  eye,  74*  1 

•trcak,  792 

Itelte*  0x0^64  5 
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Rbflbx  actions. 

Reflex  actions,  641 

inhibition  of,  644 

in  frog,  644,  652 

in  man,  645 
superficial,  646 
tendon,  ib. 

of  nerves,  162,  192 

of  -pinal  cord,  643  et  seq. 
Refraction,  law*  of,  739 
Refractive  media  of  eye,  ib. 
Regions  of  body.    See  Frontispiece. 
Remak,  fibres  of,  102 

gangU-.n  of,  247 
Renal  circulation,  205 

epithelium,  activity  of,  525 
oncometer,  524 
Rennet,  446 

Reproductive  organs,  776  et  seq. 
Requisites  of  diet,  569 
Reserve  air,  345 
Residual  air,  if. 
Respiration,  328 

abdominal  type,  341 

alteration    in    atmospheric   pressure, 

.  3<>3 

breathing  or  tidal  air,  345 

chemistry  of,  363 

effect  on  circulation,  353 

ga*ea  in  relation  to,  361,  365 

influence  of  nervous  system,  358 

mechanism  of,  337  et  xeq. 

nervous,  348 
movements,  337 

of  vocal  cords  in,  718 
quantity  of  air  changed,  345 
Respiratory  acts,  special,  352 
apparatus,  329 

development  of,  839 
capacity  of  chest,  345 

circumstances  affecting,  346 
movements  of  glottis,  344 

methods  of  recording,  341 
muscles,  338  et  seq. 
nerve-centre,  348 
rate,  3^6 
relation  to  pulse  rate,  ib. 
size  of  animal,  ib. 
relation  to  will,  348  et  seq. 
rhythm,  344 
sounds,  ib. 
Restiform  bodies,  618,  Ul2 
Rete  testis,  778 
Reticulum,  8 
Retiform  tissue,  50 
Retina,  732 
blind  spot,  752 
blood -vessels,  738 
changes  in,  during  activity,  764 
duration  of  impression  on,  754 

of  after-sensations,  ib. 
excitation  of,  752 
focal  distance  of,  743 
fovea  centralis,  732 


Sarcostyles. 

Retina — continued. 
functions  of,  752 
!       image   on,    how   formed    distinctly, 

1   741 
I       layers,  733 

,       ora  serrata,  732 

1       pigment-cells,  106,  107 

j  movement  of,  765 

pigments  of,  764 
I       in  relation  to  single  vision,  766 

structure  of,  732 

visual  purple,  764 
Retractor  lentis  muscle,  747 
Rheochord,  172 

Poggendorrs,  173 
Rheoscope,  physiological,  149,  158 
Rheoscopic  frog,  148 
Rheotome,  145 

Rhythtnicality  of  movement,  107,  157 
Rigor  mortis,  154 

affects  all  classes  of  muscles,  154,  159, 

phenomena  and  causes  of,  159 
Hitter's  tetanus,  180 
Rods  and  cone-*,  736 
Rolandic  area,  655 

injury  of,  ib. 
Roy  s  cardiomcter,  241 

oncograph,  303,  304 

oncometer,  303,  318 

tonometer,  253 
Rumination,  504 

I 


Saccharic  scid,  376  • 

Saccharoses,  374 
St.  Martin,  Alexis,  case  of,  507 
Saccule,  703 

Salathe,  effect  of  gravity  on  the  circula- 
tion, 287 
Saliva,  458 

action  of,  465 

composition,  464 

process  of  secretion,  ib. 

reflex  secretion,  ib. 

secretion    following    stimulation    of 
nerves,  301,46a. 
Salivary  glands,  450 

development  of,  838 

extirpation  of,  464 

influence  of  nervous  system,  462 

secretory  nerves  of,  461 
effect  of  section  of,  ib. 

structure,  458 
Sanderson's  cardiograph,  232 
Sanson's  images,  744 
Saponification.  380, 476 
Sarcolemma,  85 
Sarcomeres,  89 
Sarcoplasm,  87 
Sarcostyles,  ib, 
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SCRAPER.'*    rZlTHYsMOORAFK. 

Si  ikal  tOCKI                     vi. 

St  hi  for' s  heart  plethy  sinograph,  254 
riiti  ri  carding  the  turn  1 

b  oerenraj  n 

Skeleton,     fl 

Bobii 

Skin,  554 

Schemer's  experiment. 

absorption  by, 

5c hem  11  tie  eye, 

dermis,  355 

Sclerotic,  725 

in  is  of,  554 

development  of, 

functi 

SeW 

pnpilhr  of. 

classing  ation  r  I 

respiration 

lucosura  ot 

Semilog  membranes.     &M  Mucous  and 

sebaceous  glands  of,  559 

Serous  membrane*. 

secretions.  561 

S  ■        m,  internal,  313 

sensory  nerves  of, 

of  kidney,  529 
pari' 

sweat,  561 
sweat-glands.  559 

'suprarenal,  3^'* 

varnishing  the, 

thyroid,  324 

Small   intestine,    |                               In- 

M  -t y  ri-i  \  ■  •-.  H'l 

iaea. 

of  salivary  modi,  461 

Smell,  sense  of,  fit) 

if,  10. 

anatomy  of  regtor 

Segment  a  Li  i>n  ol'eelK  '<>. 

deli 

in  ofeiflfc,  793 

test-  for, 

ovum,  79J 

varies  in  p 

Bel]                 ^10 

Smith's  perimeter*  750 

ng,  mechanj 

filament*  or  spermatozoa,  781 

Snorii 

Semieirrulnr  canals  of  ear,  669 

Soap. 
Sobbing,  353 

- 
Somatopieur,  706,800 

development  of,  835 
Semilunar  reive*.     SSf  Heart  valves. 

Seminiferous  tubules,  778 

Sonorous  vibrations,  how  roinrnunirated 

ipllott,  675 

hnuiologous  stimuli,  1 

in  Air  and                     -6.     Se*  Sound. 

nerve*  of,  J(*l 

Soret's  hand,  421 

pain,  G76 

Sound, 

conduction  bv  ear,  706 

perception 

subjective. 

heart,  2?* 

tacti! 

production  of. 

Beetle,  origans  <•*.  develojrarcrjt,  835 

Soup,  value  .1-  f 1.  453 

S'naori-mntor  area,  Irfq 

Spacei  of  Pontaoa.  732 

Sensory  areas  in  cerebri]  nnrtex,  6U5 

Speaking,  mechaniara  of,  722 

Bmaorj  ImpreMJoni ,  oondootioa  of 

Special  sen                     MUi 

by  spinal  cord,  61 1 

Spectroscope,  41 X  et  stq. 

in  bruin,  662  —  Lrf»4 

Speech,  711,  722 

t\  nerve-endings  in  nmnl 

defects  of,  723 

'  -  \'^ 

Speech  centre,  O62 

Scrum, 

Spermatoblast*. 
Spermatogenic  eel) 

albumin,  385,  400 

of  blood,  395.  398 

Spermatozoa,  780 

globulin,  400 

fern.-                    ire  of,  1  h. 

Befl  nth  r-e-rebrul  nerve,  61 E 

Spin 

r.  rnplTetory  rapacity, 

correction  of,  ib> 

w 

Sphincter  ani,     Set   1 ' 

Sexual  organ*  in  the  female,  782 

rjuj>ill«\  730 
Sphygmop 

in  the  male,  776 

Shen                             l  action  of  anta- 

gonistic muscles,  648 

Sphygmometer,    11  ill    and     Bnmsid  L 

Sighing,  nit  than  ism  of,  353 

2&. 

Sight.    See  Virion. 
Simple  tubular  glands,  456 
SiiiMses  of  Valsalva,  2<>3 

8pbygmoacope,  Anderson  Stuarts 

Spinal  accessor)-  nerve,  612 

Sinai  poculsru,  845 

functions  of,  613 

-genitalis,  847 

a 

sjcfejm^lt. 

INDEX. 
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Spinal  cord. 

Spinal  rord,  588 

canal  of,  ib. 

centres  in,  650.  651 

columns  of,  590 

commissures  of,  589 

conduction  of  impressions  by,  64 1  et  seq. 

course  of  fibres  in,  51)4 

development  of,  82b 

fissures  and  furrows  of,  589 

functions  of,  641  et  seq, 
of  columns,  1:98 

grey  matter,  186,  590 
cells  in,  591 

hemisection,  600,  641 

injuries  of,  641,  645 

membranes  of,  587 

morbid  irritability  of,  648 

nerves  of,  594 

reflex  action  of,  643  et  seq. 
inhibition  of,  644 
in  frog,  ib.,  652 
in  man,  645 
superficial,  646 

regions  of,  601 

special  centres  in,  650,  651 

structure  of,  588  et  seq. 

tract*,  590,  597,  641 

transverse  section  of,  599 

white  matter,  186,  596 
tracts  in,  592 
Spinal  nerves,  105 

functions  of  roots  of,  165 

origin  of,  165  et  seq. 

physiology  of,  166 
Spindle-shaped  cells,  474 
Spirem,  18 
Spirometer,  345 
Splanchnopleur,  796,  800 
Spleen.  314 

development,  839 

functions,  31 0 

influence  of  nervous  system  upon,  319 

Alalpighian  corpuscles  of,  316 

pulp.  314 

structure  of,  10. 

trabecular  of,  ib. 
Spongioblasts,  734,  826 
Spongioplasm,  9 
Spot,  germinal,  786 
Staircase  phenomenon,  124,  25 1 
Stannius'  experiment,  248 
Stapedius  muscle,  700.  708 

development  of,  814 
Stapes,  700 

development  of,  814 
Starch,  378 
Starvation,  571 

effects  of,  572 
Steapsin,  475 
8tearic  acid,"  380 
Stearin,  379 
Stercobilin,  491,  532 
Stethographs,  342,  343 


Systole  or  nRAirr. 

Stewart's  diet-table,  443 

experiments  on    the  output  of    the 
heart,  241 
Stimulants  as  accessories  to  food,  453 
Stimuli,  varieties  of,  15,  109 
Stolnikow,  measurement  of  the  heart's 

output,  240 
Stomach,  428 

blood-vessels,  432 

development,  836 

digestion  in,  47b 

glands,  430 

lymphatics,  431 

movements,  506 
influence    of   nervous    system  on, 

509  u 

mucous  membrane,  430 

muscular  coat,  429 

nerves,  432 

peritoneal  coat.  42Q 

secretion  of.     See  Gastric  juice. 


submucous  coat,  430 

structure,  429 
Stomata,  25 
Stratum  granulosum,  555 

intermedium  of  Hannover,  80 

lucid  um,  555 
Striated  muscle,  86  et  acq.    See  Muscle. 
Stroma,  401,  782 
Strom uhr,  Lud wig's,  236 
Structure  of  cells,  9 
Stuart's  sphygmoscope,  277,  278 
Submaxillar}'  gland  of  dog,  463 
Submaxillary  and  sublingual  glands,  461 
Substantia  gelatinosa  of  Rolando,  616, 61 7 

nigra,  621 
Subthalamic  area,  629 
Succus  entericua,  477,  512 

functions  of,  477 
I    Sueroses,  374 
Sugar.    See  Dextrose. 
Sulphates  in  urine,  545 
Superior    laryngeal*  nerve,    effects   of 
stimulation  of  cut,  348 

olivary  nucleus,  610 
Supra-renal  capsules,  324 

development.  847 

function,  326 

structure,  324 
Sustentacular  cells,  778 
Swallowing,  504 

centre,  505 

fluids,  500 

nerves  engaged,  505 
Sweat  glxnds.    See  Sfkin. 
Swim-bladder  of  fishes,  369 
Synovial  fluid,  secretion  of,  455 

membranes,  ib. 
8  yn  ton  in,  380 
Syringomyelia,  642 
1   Systemic  circulation,  204.    See  Circula- 
1  tion. 

Systole  of  heart,  224 
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Tactile  end  organs,  678 

tedt,  rneasuii  rnrnl  of  the  h 

sensibility, 

output,  240 

variation*  in,  68 > 

Timbre  id  iojce,  72 1 

Taste,  -wneof, 

Tissue-respiration,  363,  y*) 
Tungue,  (j88 

cla#sin\;atian  of,  693 

connection  with  smell. 

n  in  deglutition,  504 

delicacy  of,  694 

epithelium  of,  1 

nerve*  of,  6gi 

papilla  of. 

Taste-buds,  i». 

part*  mo*t  sensitive  to  test'.*. 

Taurine,  jqq 

•tructurl  of,  638 

Taurocholii:.  acid,  ih. 

Tonometer,  Bey'i 

Teeth,  70 

Tonsils,  426 

development,  7; 

Tonus,  136,  6;q 
Torsion.  810 

eruption,  times  of,  7 1 

■tructure  of,  72  1 

Touch,  678  rt  ktq, 
muscular  sense. 
sense  of  locality 
of  pressure,  6&» 

temporary  and  permanent)  70  rt  Mf, 

Tegmentum,  620 

Tern  pe  rut  tire,  579 

average  of  body,  580 

of  temperature. 

changes  of,  offset*,  egp  rt  *eq. 
circumstances  modify ing. 

tactile  end 

Touch-eorpi 

of    cold-blooded    aid    trara-blooded 

Trabecule  cranii,  812 

animals,  ^Nq 

Trachea,  329 

Tract  of  Quwens,  5<n 

in  disease,  ib. 

loss  of,  584 

of  Lissauer,  \b. 

maintenance  of,  580 

TWt*  in  the  spinnl  cor 

of  Kan               rds,  rt.*..  »A. 

Tranainijwiou  myograph,  [99    *s  tt*9> 

regulation  of,  584.  rt  seq, 

Traube-llerimr  1 

sensation  of  variation  of.  687. 

Tricuspid  valve,  20 r 

Heat. 

Trigeminal  nerve,  61 1 

Tendon-reflexes,  646 

function,  to. 

Tension,  arterial,  in  asphyxia,  361 

origin  of,  ib. 

Tensor  palati  muscle,  707 

Trochlear  nerve ,  6l  0 

tympuni  muscle,  701 

origin  of,  it. 

■n  of,  70s 

Tronmier's  test. 

Testicle,  776 

Trophic  nerves,  161 

development,  845 

influence  of, 

descent  of,  ib. 

Trypsin,  action  of,  475 

structure,  ~"U  rt  teq. 

Tn  peiangen.  474 

Teteam  127 

Tubercle  of  Rolando,  616 

Hitter's,  180 

Tubuli  Hcmimfen,  778 

robioUrj,  12S,  158 

uriniferi,  51b  rt  *iq. 

Thalaoieneephiilon,  ocrf ».  83] 

Tu bub- racemose    or     tubulo  *  acinous 

Tlutlaini  optici,  027 

glands.  4<j6 

Theinc,  153 

Tunica  albuginoa  of  Tr^ti.  \t 

Theobromine,  ift. 

darter,  cu 
propria,  070 

ThoniH-Z.'ia*  h;rm;e  ytomoter,  409 

XhmoSfl  duel,  2t6 

vaginalis, 

iunemttion  nf,  j;ro 

vasculo^a. 

Throat  deafness,  7  »7 

T\  inpanura  or  middle  ear. 

Thrombin.  3^7,  398,  413 

Thvuiua  gland,  po 
development,  8 

development,  835 
membrane  «f,  69K 

muscles  of,  700 

function,  322 

structure,  ib. 

structure,  JgQ 

Tyrosine,  479 

Thyreo-nntit\»iin,  324 

Thyro-on  tenoid  mnsolea,  714 

Thyroid  cartilage, 

XJ. 

Thyroid  gland,  322 
dertjl-pment,  | 

Umbilical  arteries,  808,  820 

funcii.Mii,  322 

cord,  802,  808 

structure,,  ib. 

\  802 
Fnicellulm  ovfenJmmY$ 

Thyro-iodin,  324 

Ini  s                        1  <  ILLS. 

Yi-\  nud  n  01  iiKAUT. 

1  nipcte  if  n>  cells,  188 

Urine    <anH 

UiiorMniaod  feracsti,  v»- 

l"ra«:lin«. 

Uncinia,  jjjf 

Urobilin.  491,  493,  532 

Urate  of  sodium,  548 

Urobilii 

Uroeh 

apparatus   for    estimating    quanl 

o  of,  $33 
forrcuttioo  of,  by  liver,  4*7,  537 

1/ renin-  milk,  803 
Uterus,  787 

out  un  imIu  mi  of,  7^" 

isomeric  with  ammonium  <  vanute,  533 

]"|>rm<nT  in  pregnancy,  787 

qummty,  535 

r'>il Ii.  n  ki r  -lands  of,  ib< 

Lrcters,  520 

-tj'u  ture,  *f*. 

Urethra,  521 

»uHniM,  845 

Uric  Acid! 

Utricle,  703 

condition  in  which  it  exUtt  in  urine, 

54" 

V. 

deposit  of,  548 

forms  in  which  it  is  deposit**]. 

lit  of.  84S 

M8     . 

rueumogastric. 

origin  of,  541 

Vagus  poewnonia,  776 

Yul v es of  In-art,  20 r .    Si  9  Hi 

presence  in  the  spleen,  317 

proportionate  quantity  M.  sji 

VnUuhe  roiimventes,  435 

tests,  4^0 

Via  deferens,  777, 

Urina  potiu,  532 

Vasa  efferent  iu  of  teatiola,  778,  780 

Urinary  impure 
Urinary  bladder, 
development,  847 

Va*a  vosomm,  208 

development  of. 

in  asphyxi 

nervra,  «;2f 

Vaso-constiictor  oerves,  292 

structure,  ih. 

Vasodilatator  nerves. 

Urinary  deposits,  547  $i  *«/. 

Vaao- motor  nerves, 

Urine,  531 

distribution  of,  292 

anaJjr.i.  of,  533 

tile,  t  of  Motion,  not  M  **q- 

bile  ta 

Mood  in,  to. 

vimi'Tits  on,  301 
influence  upon  D&od-pieOMlTt,  298 

1  bemieal  sediments  in,  550 

Ya  so- motor  ncrve-r  entrt  %  -'71 »  35^-  t»5 r 

Qotour,  ^31 

em  rrou  system,  290  et  aeq* 

l°»  533 

n  llr\  SOtUCL  2m 
Vegetables  as  food,  442,  451,  453 

eyaop  in,  549 

flow  into  blaidd  r,  i&. 

protoplasmic  movement  in,  t3,  14 
Veins,  208 

Mppuric  arid  in. 

inorganic  cooatituenta,  5  \  \ 

linal,  822 

mineral  salts  in,  £fj 

1  ii  dilation  in,  269  et  *tq. 

mucus  in. 

velocity  of.  2^7 

pathological,  550 

collateral  cs  rental  ion  in,  20* 

|>li"                    546,  54Q 

development,  821 

physical  characters,  53J 

ihution,  208 

pigments,  it. 

not  m,  :«ju 

pua  in,  554 

rhythmical  action  in,  270 

quantity,  531 

structure  of,  209 

rariei  with  bkod«{ffCi 

umbilical,  8V>8 

reaction  of,  532 

valves  of,  1 

in  different  animals,  ib. 

Velocity  of  blood  in  arteries,  255 

made  alkaline  by  diet,  it> 

in  capillaries,  : 

saline  matter,  533 

in  veins,  257 

solids,  531 

of  circulation,  258 

aperiflc  gravity  of,  532 

of  nervous  EbMQ,  169 

variations  of,  ii, 

Verne  advebentc* 

sugar  in,  55  [  H  «*», 

tests  tor  estimating,  552 

rerehentea,  i"o.f 

Vendition,  370 

tests  for  inorganic  salts  of,  547 

:  tract,  sfVt 
Ventricle*  of  hemX,     See  rU«XV» 

unites,  548 
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Ventricular  diastole. 

Ventricular  diastole,  224,  255 

systole,  224,  225 
Ventriloquism,  722 

Vera  trine,  effect  of,  on  muscular  con- 
traction, 125 
Vermicular  movement  of  intestines,  51 1 
Vertebra,  development  of,  809 
Vesicle,  germinal,  786 
Vesiculw  seminales,  780 
Vestigial  fold  of  Marshall,  823 
Vibrations,  conveyance  of  to  auditory 

nerve,  706  et  seq. 
Viercrdt's  h&matochometer,  257 
Villi  in  chorion,  function  of,  807 

of  intestines,  435 
Visceral  clefts  ana  arches,  development 
of,  812  et  seq 

connection  with  cranial  nerves,  815 
Visceral  mesoblast,  796 

plates,  798 
Vision,  72J. 

angle  or,  741 

at  different  distances,  adaptation  of 
eye  to,  743  et  sequ 

corpora  quadrigemina,  the  principal 
nerve-centreB  of,  621 

correction  of  aberration,  749  et  seq. 
of  inversion  of  image,  771 

defects  of,  747  et  seq. 

distinctness,  now  secured,  773  et  seq. 

duration  of  sensation  in,  754 

estimation  of  the  size  and  form  of 
objects,  771,  772 

focal  distance  of,  743 

impaired  by  lesion  of  fifth  nerve,  775 

single,  with  two  eyes,  766  et  seq. 
Visual  area,  662 

judgments,  771  it  seq. 
Visual  purple,  736,  764 
Vitellin,  449 
Vitelline  duct,  837 

membrane,  785 

spheres,  ib. 

veins,  815 
Vitreous  humour,  725,  738 
Vocal  cords,  711,  717 

action  in  respiratory  actions,  718 

approximation  of,  effect  on  height  of   I 
note,  ib. 

vibrations  of,  cause  voice,  718,  720 
Voice,  711,  720 

range  of,  721 
Volkmann's  htumadroraometer,  257 
Voluntary  muscle,  85  et  seq. 

nerves  of,  93 


Zymogen. 

Voluntary  tetanus,  128,  1 58 
Vomiting,  509 

action  of  stomach  in,  510 

centre,  ib. 

nerve  actions  in,  ib. 

voluntary  and  acquired,  ib. 
Vowels  and  consonants,  722 


W. 

Wailerian  degeneration  method,    164, 

l67,  593 

Waller's  apparatus  for  gas  analysis,  372 

Water  hammer  pulse,  261 

Wave  of  blood  causing  the  pulse,  ib. 
velocity  of,  ib. 

Weber- Fechner  law,  67C,  686 

Weber's  paradox,  135 

Weight,  influence  on  capacity  of  respi- 
ration, 346 

Wbey  proteid,  445 

W hite  corpuscles.  See  Blood-corpuscles, 
white ;  and  Lymph-corpuscles. 

White  fibro-cartilage,  55 
fibrous  tissue,  44 

Wolffian  bodies,  041  et  seq. 
duct,  841 

Word -ccut res,  723,  724 

Worm?,  circulatory  system  in,  222 

X. 

Xanthine,  317,  321,  J42 

presence  m  the  spleen,  317 
Xanthoproteic  reaction,  383 

Y. 

Yawning,  353 
Yellow  elastic  fibre,  46 

libro-cartilage,  56 

spot  of  Sommenng,  732 
Yolk-sac,  802,  803  et  seq. 
Yolk -spherules,  785 
Young-Helmholtz  theory,  761,  763 


Zona  peliucida,  785 
Zonule  of  Zinn,  730 
Zuntz,  output  of  the  heart,  241 
Zymogen,  460,  467 
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